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Uber die Kupfersalze der w-Amino-sauren. 
III. Uber die Kristallstruktur von Kupfersalz des 3-Alanins 


Von Ken-ichi TOMITA 


(Eingegangen am 


In Teil If’ wurde die Kristallstruktur des 
Kupferglycinmonohydrates dargestellt. Als 
zweite Stufe der Versuchsmaterialien haben 
wir dasKupfersalz des 5-Alanins gewahlt und 
die Kristallstruktur dieses Materials mit Hilfe 
der réntgenographischen Methode untersucht. 
Nach der Feststellung Kristallstruktur 
kénnen wichtige Erkenntnisse, nicht nur tber 
den Koordinationszustand des Cu Atomes, 
sondern auch iiber die molekulare Konfigura- 
tion des 3-Alanins selbst’’, abgeleitet werden 

Wir wiirden uns auf die Kristallanalyse des 
Kupfersalzes des Isoserins, das ein Derivat 
von j-Alanin ist, weiter einlassen, aber 
Kristallstruktur ist so kompliziert, da wir 
diese Analyse unterbrechen mussten.  Trotz- 
dem fiigen wir am Ende Abhandlung 
Daten bei. weil diese 


dieser 


diese 


dieser 
die kristallographischen 
Substanz sehr vichtig ist. 


Experiment und Resultat 


Darstellungsweise.--Das gereinigte, iiberschiissige 
Kupferhydroxyd wurde mit einer wasserigen Lésung 
von 5-Alanin im Wasserbad etwa 2 Stunden erhitzt 
Beim nachherigem Einengen des tief- 
Kupfersalz von 
tiefblauer 


und filtriert. 
blauen Filtrates scheidet sich das 
f-Alanin als ein papierstreifenformiger 
Kristall ab. 

Wenn dieser Einkristall in der Atomsphire liegen 
gelassen wird, verandert sich die Oberflachenfarbe 
zu hellblau. Dieses Ausbleichen beweist 
Entwiasserung des Kristalles. 

Die Mikroanalyse gibt folgende Resultate : 


teilweise 


Cu(C,HgNO, 6H:O (Mol. Gew. 347.81 

Ber.: C, 20.72; H, 6.96; N, 8.06; H.O, 31.08; 
cm. 6.2. Geek: ©€,. 2131; 8, 722: BM, SB6: 
H:O, 31.77; Cu, 18.12° 


Mit Hilfe der Schwebemethode (Benzolathylen- 
dibromid Gemisch) ergibt sich ein spezifisches 
Gewicht von 1.50. 

Gitterkonstante.—Mittels Rotation- und Weissen- 
berg-Aufnahmen um [100] und [010] mit CuKa- 
Strahlung wurde die Intensitét jeder Reflexion nach 
der sogenannten *‘ multiple film method ** aus vier 
Filmen im Vergleich zu einer gew6hnlichen Inten- 
sitatsskala bestimmt; die Schnittflaicheneinheit des 
gebrauchten Einkristalls ist ungefahr 0.1» 0.2 mm 


1) K. Tomita und I. Nitta, diese Zeitschrift. 34, 286 
(196) 

2) Die Strukturanalyse von 
gefahr 1948 von Herrn Dr. M. Katayama durchgefihrt 
aber bis heute ist dieses Resultat noch nicht veroffent- 


licht worden 


-Alanin wurde sche 


23. Juli, 1960 


bei (0k/)-Reflexionen und ungefahr 0.8 » 1.2 mm bei 
(hO0/])-Reflexionen. Das Verhiltnis§ det 
Intensitaten von stirkster zu schwiachster Reflexion 
war ungefahr 1500: 1 fiir (OA/)-Reflexion und 700: 1 
fiir (A0/)-Reflexion 
Wir nahmen keine 


relativen 


Notiz von det 
Kompensation des primiren 
tioneffekts wurde det g-Wert 


g —6.76».10~+), der aus der Formel 


I,=I l—gl 


Absorption, 
aber auf die Extink- 


genaue angewandat 


gerechnet wurde, wobei J, die beobachtete Inten- 
sitat und /, die reale Intensitat zeigt 
Die gesamten unabhingigen Zahlen der Aquator- 
Reflexionen, welche in der Ausbreitungskugel ent- 
halten sind, sind 182 fiir [100]-Projektion und 133 
fur 010]-Projektion, wahrend die beobachteten 
Zahlen 132 bzw. 125. Fir die Bestimmung der 
Raumgruppe wurden die Ausléschungsgesetze fir 
Okl), (1Al) und (f0/)-Refiexionen beniitzti 
Die gefundenen Gitterkonstanten 
folgt : 
a-- 5.46 A, 6=7.71 A, c=18.11 A, 
92- (Monoklinisches System). 
Die Zahl der Molekile pro Element- 
arzelle ; z=2. 
Raumgruppe: C 


sind wie 


P2;/c. 


Strukturbestimmung und Betrachtung 


Die Raumgruppe C P2,/c hat ein sym- 
metrisches Zentrum auf dem Anfangspunkt; 
wenn das Molekiil die allgemeine Lage ein- 


nimmt, ist die Zahl der Molekiile in der Ele- 
mentarzelle vier. Beim Kupfersalz des ;- 
Alanins, betragt jedoch diese Zahl nur zwei: 
hierzu muss das Cu-Atom die spezielle Lage 
in der Elementarzelle, d.h., den Anfangspunkt, 
einnehmen, und die um das Cu-Atom_ koor- 
dinierten zwei Molekiile des 5-Alanins haben 
daher selbstverstindlich eine trans Konfigura- 
tion. Unmittelbar darnach wurde eine vorlau- 
fige Fouriersynthese um |160} und [010] -Prce- 
jektionen kalkuliert, wobei die Vorzeichen 
jeder Reflexion nur mit den Parametern des 
Cu-Atoms berechneten Strukturfaktoren durch- 
Maxima, die 


gefiihrt wurden. Aus den vielen 


sich in Fourier-projektionen um 100| und 
(010) zeigen, 
Parameterwerte haben, gewahli und in Hinsicht 
auf den Valenzwinkel und die inieratomaren 
Abstinde wurden einige weitere 


wurden einige. die gleiche 2Z- 


schnittweise 
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TABELLE I. 











Atomart v/a y/b 2/¢ E “MA \ F 
Cu 0.000 0.000 0.000 ow Wf J 4 pd at 
Ci 0.185 0.025 0.158 ‘na tee tak Os tk eee a 
Cc) 0.065 0.118 0.185 ’ ° ) : o 0 


Cc! 0.187 0.228 0.130 
oO! 0.205 0.005 0.095 
oO! 0.325 0.005 0.206 
oO! 0.187 0.280 0.040 
oO! 0.450 0.322 0.172 
oO! 0.258 0.445 0.060 


N! 0.278 





0.058 











oe jel ee a oes 
( 90 0 i 0 0 1) ¢ i) 
) 2 


4 € 8 1 5 
1 1 i 2 2 2 2 2 









Abb. 3. Graphisches Vergleich der beo- 
bachteten und berechneten F-Werte. 
( : | Fo), ------ ; | Fe|) 





csin §/4 


csin p/4 


Va \ a Fouriersynthesen unternommen. Zur Bere- 
: Ss - F chnung der Strukturamplituden wurde die 
fN ex Atomstreukurve fiir Cu nach Berghuis et al.*? 
. @))) und fiir C, N und O nach McWeeny” ange- 
wandt. In Tabelle I sind die gefundenen Para- 
meterwerte jedes Atoms zusammengestellt. Die 
letzte Elektronendichteprojektion nach [100] 
wird in Abb. 1, und nach [010] in Abb. 2 gezeigt, 
Abb. 1. Elektronendichteprojektion nach die ein weiteres Maximum G um das zentrale 
{100}. Cu-Atom vorweist; es scheint, daB dieses 
Das puntkierte Niveau der Kurven geht letztere Maximum von Abbruchs- oder Absorp- 
durch le/A® und die Kurve gleicher Elek- tionseffekt abhingt. In Abb. 3 sind die gra- 
tronendichte liegen um le/ A“ auseinander, phischen Vergleiche der beobachteten und 
er i Reo, we ol berechneten F-Werte zusammengestellt. Die 
Aquidistanz Se/A®* betriigt. ‘ ; pie 
gefundenen isotropischen Temperaturfaktoren 
nach [100] und [010] betragen je 3.9 und 2.4, 
und fiir die [100]-Projektion wurde ein Zuver- 
lassigkeitsindex R von 0.19 berechnet und fiir 
die [010)-Projektion von 0.22, woovei die 
Kalkulation iiber alle Reflexionen in der 
‘ Wh Ke Ausbreitungskugel durchgefiihrt wurde 
= Zz Aus der schematischen Projektion der Atom- 
f Mires \\ + ’ schwerpunkte (Abb. 4) kann man auch die 
- $y WZ interatomaren Abstinde und Bindungswinkel 
oe =~ ersehen. Wie Abb. 4 deutlich zeigt, haben die 
um das zentrale Cu-Atom koordinierten vier 
Atome der zwei $-Alanin Molekiile (d.h., O}, 
O!', N' und N") in Beziehung zu dem zentralen 
FY ; f = Metallatom eine plane trans Konfiguration ; 
um das zentrale Metallatom wurde ein un- 
Abb. 2. Elektronendichteprojektion nach gefahr planes gleichseitiges Viereck mit I, 
(010). Ol', N' und N"™ gebildet und zwei Sauerstoff- 
Das punktierte niedrigste Niveau der atome des Kristallwassermolekils (d. h., O} und 
Kurven liegt bei 2e/A* und die Kurven , 
gicicher Elektronendichte liegen um le/A? Lecpiten. ©. &, OuIY aon A... Vosmanaet, doe 
auseinander, ausser im Kupfermaximum, Cryst. 8, 478 (1955). 
wo die Aquidistanz 5e/A®* betragt. 4) R. McWeeny, ibid., 4, 513 (1951). 
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Abb. 4. Schematische Projektion der Atomschwerpunkte nach [100]. 


TABELLE 2a. O'') nehmen zur gleichen Zeit die auf- und 

Verbindung Cu—O Cu—N Cu--O(H:0) abgehenden Spitzen eines Oktaeders ein, das 

Cu-Ameisensdure 00A ; um das Cu-Atom gebildet wurde. Mit den 
Tetrahydrat .O1 iia iibrigen vier Kristallwassermolekiilen wurden 
die verschiedene Bindungen zwischen jedem 
Komplexmolekiil in Form von Wasserstoff- 
h., N—-H---O oder O-H-:-O, 


Cu-Prolin Dihydrat 


Cu-Glycin 


riicken 
Monohydrat briicken, d. 


gebracht. 

Cu-3-Alanin . : : 
sarcaltieati . . >. Es ist auch sehr interessant, die molekulare 

Hexahydrat ‘ j 
Struktur von ,-Alanin selbst zu erkennen; 
Die NH .- und COO-Gruppen des {-Alanin 
Molekiils haben eine sogenannte gauche Kon- 
figuration in Beziehung zu der aC—-C Bin- 
dung. (Der Winkel zwischen des: durch C!, C} 
und C} und der durch C}, C} und N' gebildeten 

Pr ; - y or r} mes 
Cu-Prolin Dihydrat . ee Wasser-Carboxyl Ebene ergab  ungefahr 70°.) Bis heute 
Ni-Glycin Dihydrat’ » 2 Wasser-Carboxyl wurde das Resultat tiber die Struktur des 
Cu-Glyc : ; 3-Ala ; ic “rote ic . 
ee m" 75. 2. Wasser-Carboxy! o-Alanins noch nicht : veroffentlicht , aber 
si cou venn das Molekiil des 3-Alanins im Fall von 

> rh ‘ , 
Cu-8-Alanin Wasser-Carboxyl Komplexbildung die gleiche molekulare Form 
Hexahydrat 16, 2.76 Wr cor Wasser als im freien Zustand beibehialt, kann man 
Z asser- assei 5 ° 

daraus schliessen, dass es eine gauche Kon- 


Verbindung . Typus 
Cu-Ameisensaiure Wasser-Carboxyl 


‘tr vd 
Te ranydrat fe i <a Wasser-Wasser 


. figuration hat. 
PABELLE 2c sate ‘ ; . : 
Zum Schluss wird der Vergleich zwischen 
Verbindung 9 ypu den verschiedenen interatomaren Abstinden 


Amino-Carboxy! im Kupfersalz des 3-Alanins mit denjenigen 
in anderen begleitenden Substanzen dargestellt 
A mino-Carboxyl (Tabelle 2a, 2b und 2c). Beim Kupfersalz der 


Glycin 


tere toh 


d/-Alanin® 
Cu-Prolin w-Aminosduren ist der Cu-—-O Abstand etwas 

‘ irboxy a . . as 
Dihydrat Imino-Carboxyl kiirzer als der Cu--N Abstand, wihrend der 
Ni-Glycin ; Cu--O Abstand bei dem Kupfersalze des 
Dihvdrat? Amino-Carboxyl > . : . 
ihydrat : Prolins im Gegente twas langer als der Cu 
Cu-Glyci NI . i lie T: > » % I 
ee J. Amino-Carboxyl N Abstand ist. Wie in Tabelle 2b und 2c 
os vs deutlich gezeigt wird, sind die O--H-:-O 
\mino-Wasser Abstinde zwischen Wassermolekiil und Car- 

Cu-3-Alanin : Amino-Carboxyl 

Hexahydrat 


te 


A mino-Wasser M. Mathieson und H. K. Welsh, ibid., 5, 599 


J. Stosick, J. Am. Chem. Soc., 67, 365 (1945). 
5 R. Kiriyama, Ibamoto und K. Matso, ibid., 7, E. Marsh, Acta Cryst., 11, 654 (1958). 


) 
482 (1954). ‘ Donohue, J. Am. Chem. Soc., 72, 949 (1950 
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boxylgruppe bei dem Kupfersalz des 5-Alanins 
kiirzer als bei dem Kupfersalz des 
Glycins, aber die ersteren N--H:-:-O Abstinde 
sind letzteren. Damit 
Kristallbildung 
H---O und 


etwas 


linger als die 
kann man vermuten, dass_ bei 
des Kupfersalzes des Glycins die O 
N—H::-O Waserstoffbindungen zugleich die 
gréssere Rolle spielen, wihrend bei Kristall- 
bildung von Kupfersalz des 5-Alanins gréssten- 
teils nur bei der O -H---O Wasserstoffbindung 
durchgefiihrt wird 


etwas 


Kristallographische Daten von 
Kupferisoserintrihydrat 


CuC.,H-NO,- 3H.O 
Ber: ©, 36.353; 
Cu, 28.81. Get. C, 
H,0, 21.91; Cu, 28.50° 
Gitterkonstanten : 

a 7.06 A, hb 


109° 43 


(Mol. Gew 
H, 5.02; N, 6.35 ; H2O, 24.48 ; 
16.11; H, 4.92; N, 6.49; 


229.67) 


22.47 A, 


Quinones. 1. 


Gefundene Dichte 
1.88 g cc (Schwebemethode) 


Die Zahl det 


- 19 


oleKule pro ementarZzerie 
Molekiile Elementarzell 
Raumgruppe: (€ P2 
Raumgruppe ist die 


(Monoklinisch) 
Zahl_ der 


Elementarzelle vier, wenn 


Bei diese 
Molekiile in jeder 
das Molekiil die allgemeine Lage einnimmt 

Demnach sind in diesem Kristall drei krist- 
| 


allographisch verschiedenartige Molekile, jeder 


fiir sich vier, vorhanden 

Meinem verehrten Lehrer. Herrn Professor 

Dr. I. Nitta, danke ich herzlich fiir wertvolle 

Anregungen und fiir seine stete Unterstiitzung 

be Durchfiihrung dieser Dabei 
| seine 


ch Herrn D1 Y. Sasada_ fii 


eichen Ratschléage gedankt. 


Arbeit 


L 


vissensch tliche Fah 
t Osaka 
s/ na Osaka 


Universiti 


Nakano 


The Syntheses of Acetyl-p-benzoquinone 


Derivatives and 2-Acetylnaphthoquinone 


By Eturo Kurosawa 


(Received August 8, 1960 


derivatives are ex- 
pected to show interesting chemical and biolo- 
gical properties, owing to the 
acetyl carbonyl group conjugated to quinone 
double bond. However, only acetyl-p-benzo- 
quinone has been reported in the literature’. 

An attempt was made as described below to 
synthesize several acetyl-p-benzoquinone deriva- 
tives, e.g., 2-methyl-5-acetyl-p-benzoquinone 
(acetyltoluquinone), 2, 3-dimethyl-S-acetyl-p- 
benzoquinone 2 


Acetyl-p-benzoquinone 


presence of an 


(acetyl-o-xyloquinone) and 2- 
acetyl-1,4-naphthoquinone by the oxidation 
of corresponding acetylhydroquinone 
tives with silver oxide. 
Acetylhydroquinone has 
by several methods: 


deriva- 
been synthesized 
viz., i) by the action of 
zinc chloride on hydroquinone in glacial acetic 
acid’, ii) by the Fries migration of hydro- 
quinone diacetate’’, and iii) by the action of 


1) T. Irie and E. Kurosawa resented at the 7th 
Annual Meeting of the Chemical Society of Japan, Toky 
April, 1954; M. ¢ Kloetzel, R. P. Dayton and B. Y 
Abadir, J. Org. Chem., 20, 38 (1955); N. N. Vorozhtsov and 
V. P. Makaev, D2. 1. Statei obschei Khim. Akad. Nauk, U. 

. & R., 3, Sd C3) 

M. Nencki and W. Schmidt, J. Prakt. 


c 


chloride on 
ether in the 
followed by 


acetyl hydroquinone’ dimethy! 
presence of aluminum chloride 
demethylation But because of 
the complicated procedures or low yield, these 
methods did not give good results. 

It has been found that these acetylhydro- 
quinone derivatives are obtained in good yield 
as a result of the action of boron trifluoride 
on hydroquinone derivatives in glacial acetic 
Acetylation was carried out by the 
saturation of boron trifluoride to the 
sion of hydroquinone derivatives in 
acid. 2-Acetylhydroquinone 
H) was obtained directly by this 
from hydroquinone (J, R=R’=H) in 
an almost quantitative yield. But in the cases 
of 2-methyl- and _ 2, 3-dimethylhydroquinone 
and naphthohydroquinone, there were obtained 
mono- or acetyl 


acetylation of 2- 


acid 
suspen- 

excess 
glacial acetic 


(ill, R=R’ 


method 


diacetates of corresponding 


derivatives. For example, 
3) ‘Organic. Syntheses,” 1. 28. New York (1948 
p. 42; R. D. Desai and C Mava Pr Indian Acad 
Sci., 29A, 267 (1949); P. S and L. Gakhar, ibid., 
30A, 327 (1949 
+ E. Kurosawa, J. hem. apan, ure Chem. Sec. 
(Nippon Kagaku ZassI 
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nethylhydroquinone (I, R=H, R’=CHs) 
ifforded pale yellow’ crystals, then after 
several recrystallizations from dilute ethanol, 
colorless crystals were obtained. This materia 
melted at 112°C and exhibited no coloration 

ith ferric chloride in ethanol. 


OH OAc 


COCH 


H OAc 
I I 


OH 


Transmission, 


COCH, |R COCH 
R 


O 
Ill IV) 


After saponification of this diacetate (I], R =H, Wave number, cm 
R'-CH,) with aqueous sodium hydroxide io. 1. IR spectra. 

containing a small amount of sodium hydro- Acetylbenzoquinone (Nujol) 
sulfite, 2-methyl-5-acetylhydroquinone IH, Acetyltoluquinone (Nujol 


R=H, R’ -CH;) was obtained; it melted a A\cetyl-o-xyloquinone (direct 


145°C. Similarly, there was obtained 2, 3- 
dimethyl-5-acetylhydroquinone diacetate (II, in infrared spectrum as shown in Fig. 
), m. p. 98°C, which was hydrolyzed Likewise, 2, 3-dimethyl-5-acetyl-p-benzoquinon 
‘hydroquin ne (III, RR’ and 2-acetyl-1,4-naphthoquinone have th 
of acetvlation bands attributed to quinone carbonyl ; 
naphthohvdroat ety Icetoxs 1640 cm and 1662cm~', respectively. I 
phthol (V, ( mp. OIC. was general, it has been reported”, that p-benzo- 
ybtained and it w hydroly F ty]- quinone has the band attributed to quinor 
iphthohydroquinone (V, i). carbonyl at 1663cm~'; when the substituert 
is a negative group as chlorine or bromine, 
OH acl 
the quinone carbonyl! band shifts to a higher 
frequency, and when the substituent Is positive, 
the band shifts to a lower frequency. Th 
O position of the absorption maximum can be 
VI qualitatively interpreted by the sum of I-cifect 
and M-effect. Contrary to expectation that 
1ydroquinone was oxidized acetyl-p-benzoquinone derivatives would show 
\ 2-methyl-5-acetyl-p-benzo- the band attributed to quinone carbonyl at a 
quinone (IV, H, R’ —-CH;) by being shaken 1igher frequency than that of p-benzoquinone, 
ith silver le and anhydrous potassium due to the influence of the acetyl carbonyl 
rbonate in dry { ne. When 2, 3-dimethyl- rroup, these compounds show the bands at 
jlhydroquinone was oxidized under the onsiderable lower frequency as shown in I 
product was obtained. These results indicate the existence 
ve odor characteristic to large M-effect in the molecules of ace! 
and it was easily reduced benzoquinone derivatives. For the confirs 


> 4 1 1 } 


3-dimethy!-5-acetylhydroquinone by shak- tion of this fact, the author attempted to 


its chloroform solution with aqueous the relationship between the frequency 


sodium hydrosulfite. In infrared spectrum, quinone carbonyl in infrared spectrum and t 
this compound showed the band attributed to other properties of quinone derivatives.  L. 


quinone carbonyl at 1640cm as shown in Bellamy’? reported the existence of a straigl 


1 1 


Fig. 1, but no band in the region of about lineal relationship between the sum of electro 


3300 cm~'. Similarly, 2-acetyInaphthohydro- negativity of substituents of ethylene deriva- 

quinone was oxidized to 2-acetyl-1, 4-naphtho- ves and frequency of CH>-deformation (dCH,), 

quinone (VI), m. p. 83~84°C, in good yield. and between the molecular refractions of 
2-Aceiyl-p-benzoquinone and  2-methy!l-5- 


aie a ier ee ; M.1.A 
acetyl-p-benzoquinone have the bands attributed 


A 1 


to quinone carbonyl at 1645 cm~! and 1635 cm 
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functional derivatives and frequencies 
the carbonyl band of carboxylic acids. The 
author gave attention to the oxidation-reduc- 
tion potential of quinone derivatives which is 
one of the important properties of these com- 
pounds. It been suggested that certain 
quinones, e. g., ubiquinone, play a part in the 
oxidation-reduction process of living matter 
and the feature of the reactions is interpreted 
with the oxidation-reduction potential 

The oxidation-reduction potentials and the 
frequencies of quinone carbonyl bands of some 
benzoquinone derivatives are listed in Table | 
When the oxidation-reduction potentials are 
plotted against the frequency of quinone car- 
bonyl bands, the resulting curve 
straight line as shown in Fig. 2 
This result that 


has 


is a nearly 


indicates the hypsochromic 


shift of the quinone carbonyl band resultant 
TABLE I. CARBONYL FREQUENCIES AND OXIDATI 
REDUCTION POTENTIALS OF BENZOQUINONE 






DERIVATIVES 


I requeney 


Benzoquinone — ~~ ral 
in CS Nujol 
Chlorobenzoquinone 1678 0.736 
Benzoquinone 1668 166 0.711 
Toluquinone 1663 1663 0. 65¢ 
o-Xyloquinone 1660 1660 0.588 
p-Xyloquinone 1660 1668 0.597 
m-Xyloquinone 1657 1653 0.592 
Phymoquinone 1660 0.589 
Pseudocumoquinone 1657” 1650 0.53¢ 
Duroquinone 1642 1639 0.471 
Ubiquinone 1653 0.542 
a) P. Yates, M. I. Ardao and L. F. Fieser 
J. Am. Chem. Soc., 78, 650 (1956 
b) See Ref. 8. 
¢) Conant and Fieser, J. Am. Chem. Soc 


45, 2194 (1923 
d) J. F. Pennock, R. Ruegg, U. Schwieter and 
O. Wiss, Helv. Chim. Acta, 41, 3243 (1958 
* Inflection 








TasBce Ul. CARBONYL FREQUENCIES AND OXIDATION- 
REDUCTION POTENTIALS OF ACETYL-p-BENZO- 
QUINONE DERIVATIVES 

Frequency, cm > 
_ Potent 
Benzoquinone \ 
in CS Nujol 
Acetyl benzoquinone 1668 1645 0.56: 
Acetyltoluquinone 1662 1645 0.539 
Acetyl-o-xyloquinone 1654 1640 0.504 
7) R.H. Thomson, “ Naturally Occurring Quinone 
Butterworths Scientific Publications, London (1957), p. i 
W. Mansfield Clark, ** Oxidation-Reduction Pot 
Organic Systems”, The Williams and Wilkins Compa 
Baltimore (1960) 
8) Fausto Ramirez, et al., J. Am. Chem. Soc. $1, 4338 
(1959) 


of 


Etsuro KUROSAWA 


from 


the 





effect of the substituent 


[| Vol. 34, No 
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linearly 


depends on the elevation of oxidation-reduction 
potential of the quinones. 


2-Chloro- 
2-Bromo- 


2.3-Dichloro- 


ne te 


i he 


4 


TABI 
OXI 
l, 


Substituent 


one 


-Methyl 


.3-Dim 
.6-Dim 
.7-Dim 
-Metho 
W. 


Pote 


Will 
(196 


\ 


0.6 


Oxidation-reduction potential, 


Fig 
redu 


wn = 


= 


an 


4 


é Il. 


DA 


CARBONYL FREQUENCIES 


PION-REDUCTION 
4-Nn APHTHOQUINONE DERIVATIVE 


Frequency, cm 


AND 


»S 


POTENTIALS OF 


Potential 


in CCl, \ 

1684 0.510 

1686 0.509 

1687 0.498 

1675 0.483 
|- 1670 0.422 
ethyl- 1660 0.340 
ethyl- 1668 0.405 
ethyl- 1673 0.407 
Xy- 1660 0.369 
Mansfield Clark, ** Oxidation-Reduction 
ntials of Organic Systems” The 
iams & Wilkins Company, Baltimore 
0 p. 376 


2 
3 
5 \6 
“ay iS 
Na ia‘ 9 
Ni nN 4 = 31 - 
“uk N 
8° W_ g 
ay 
6NI 
") 1680 1660 1640 
Frequency, cm 
Carbonyl frequency vs 
ction potential. 


Benzoquinone derivatives (in 
Chlorobenzoquinone 
Benzoquinone 

Toluquinone 
o-Xyloquinone 
p-Xyloquinone 
m-Xyloquinone 
Thymoquinone 
Duroquinone 

Ubiquinone 
Acetylbenzoquinone derivatives 
CS.) 

Acetyl benzoquinone 
Acetyltoluquinone 
Acetyl-o-xyloquinone 
Naphthoquinone derivatives 
2-Chloronaphthoquinone 
2-Bromonaphthoquinone 
2,3-Dichloronaphthoquinone 
Naphthoquinene 
2-Methylnaphthoquinone 
2,3-Dimethylnaphthoquinone 
2,6-Dimethylnaphthoquinone 
2,7-Dimethylnaphthoquinone 
2-Methoxynaphthoquinone 





cS 





oxidation- 


(in CCl.) 
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The author determined the oxidation-reduc- 
tion potentials of acetylbenzoquinone deriva- 
tives by the polarographic method. The buffer 
solution used was that of Smith et al.°? The 
results, given in Table II and Fig. 2, show 
that these acetyl benzoquinone derivatives have 
relatively low potentials, but the quinone 
carbonyl frequencies are slightly higher than 
the other benzoquinone derivatives as com- 
pared with the potentials. 

In general, the effect of substituents upon 
the oxidation-reduction potential has not been 
interpreted sufficiently, but in this case, the 
following explanation is possible. When the 
substituent of benzoquinone derivative gives a 
fairly large inductive effect in comparison with 
the M-effect against quinone carbonyl, a 
straight linear relationship between quinone- 
carbonyl frequency in the infrared spectrum 
and oxidation-reduction potential exists as 
shown in Fig. 2. 

In the case of naphthoquinone and anthra- 
quinone, however, relatively high frequencies 
of quinone carbonyl-bands against the oxida- 
tion-reduction potentials were observed as 
in Table II] and Fig. 2. This fact is 
interpreted as due to the influence of the M- 
effect of an aromatic ring against quinone 


shown 


carbonyl. 

Similarly, it is possible that in the cases of 
acetylbenzoquinone derivatives, deviation from 
the above linear relationship, as shown in Fig. 


2, may be interpreted as due to the fairly 
large M-effect of the acetyl group against 
quinone carbonyl in comparison with the 
inductive effect. 

From these results, it is expected that the 
interesting properties may be gained about 
acetylquinone derivatives by reason of the low 
oxidation-reduction potential and the lack of 


substituent in $-position toward quinone car- 
bonyl and acetyl carbonyl. 

Further investigation concerning the effect 
of the substituent upon the oxidation-reduc- 
tion potential and the reactivity of acetylbenzo- 
quinone derivatives is in progress. 


Experimental 


2-Methyl-5-acetylhydroquinone. Methylhydro- 
quinone (5g.) was suspended in glacial acetic acid 
(30cc.) and warmed on a water bath. Boron 
trifluoride was passed into the mixture. The 
suspension slowly dissolved and a red color ap- 
The saturation of boron trifluoride afforded 
a clear red solution which was heated for further 
Shr. on a water bath. The reaction mixture was 
then poured into ice water. The thus 
separated (crude product) were collected by filtra- 


peared. 


crystals 


9) L. 1. Smith, I. M. Kolthoff, S. Wawzonek and P. M 
Ruoff, J. Am. Chem. Soc., 63, 1018 (1941 
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tion and dried. After repeated recrystallizations 
from dilute ethanol, colorless needles were obtained, 
m.p. 112°C. (Found: C, 62.35; H, 5.78%). This 
material was found to be identical with 2-methyl-5- 
acetylhydroquinone diacetate’ by use of the mixed 
melting point method. 

The above crude product was treated with 2N 
sodium hydroxide containing a small amount of 
sodium hydrosulfite for half an hour and then the 
alkaline solution was neutralized with 2N_ hydro- 
chloric acid. The crystals thus obtained were 
filtered and recrystallized from dilute ethanol. 
2-Methyl-S-acetylhydroquinone was obtained = as 
yellow needles, m.p. 145°C. (Found: C, 65.10; 
H, 6.17%). 

2-Methyl-5-acetylbenzoquinone. — 2 - Methyl -5- 
acetylhydroquinone (5g.), anhydrous potassium 
carbonate (5g.) and freshly prepared silver oxide 
(15g.) were shaken in dry benzene (50cc.) for 
5 min. at 40°C. The reaction mixture was 
filtered and the solids were shaken with fresh 
benzene. On evaporation of the combined solution 
under reduced pressure, orange yellow crystals were 
obtained. After sublimation in vacuo or recrystal- 
lization from carbon disulfide, this substance 
melted at 79.5°C, vield 942,. 

Found: C, 65.90; H, 4.95. 
C, 65.85: H. 4.88 

2, 3- Dimethy! -5-acetylhydroquinone. o-Xylo- 
hydroquinone (5 g.) was suspended in glacial acetic 
and warmed on a waiter bath. Boron 
trifluoride was passed into the mixture. The sus- 
pension slowly yellow color ap- 
peared After saturation of boron trifluoride, the 
reaction mixture was heated for further 5 hr. on 
a water bath. After the solution was poured into 
ice water, the resulting crystals (crude product) 
were collected and dried. After repeated recrystal- 
lizations from dilute ethanol, colorless needles were 
obtained, m.p. 97~98 C. This material exhibited 
no coloration with ferric chloride in ethanol and 
positive result to the iodoform test; by the 

melting point method, it was found to be 
with 2,3-dimethyl-S-acetylhydroquinone 


Calcd. for CoH.O 


acid (30cc.) 


dissolved and a 


gave 
mixed 
identical 
diacetate (see below). 

The above crude product was 
alcoholic sodium hydroxide 
the alkaline solution was with 2N 
hydrochloric acid. The crystals thus obtained were 
recrystallized from dilute ethanol. Yellow needles 
were obtained, m.p 151°C, yield 5.9g. (91%). 

Found: C, 66.83; H, 6.92. Caled. for C;,H;,O 
C, 66.67; H, 6.67%. 

This material exhibited green with 
ferric chloride in ethanol and a positive result to 
the iodoform test. 

Acetylation of 2,3-Dimethyl-5-acetylhydroquinone. 

2,3-Dimethyl-5-acetylhydroquinone 
refluxed for 2 hr. in acetic anhydride 
The solvent was removed under reduced pressure 
and the residue was sublimated in vacuo. Diacetate 
m. p. 97~98-°C, was obtained as colorless needles 

Found: C, 63.64; H. 5.94. Caled. for Ci,H;,O 
C, 63.64; H, 6.06%, 


with 2N 


treated 
for 5 min. and then 


neutralized 2 


coloration 


(0.5 g.) was 


2 cc. 


D. Desai 
29A,. 269 (1949 
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2,4-Dinitrophenylhydrazone of 2,3-Dimethyl-5- 
acetylhydroquinone. 2, 3-Dimethyl-5-acetylhydro- 
quinone and 2,4-dinitrophenylhydrazine reacted in 
ethanol in the presence of a few drops of concen- 
trated sulfuric acid. Crystals deposited 
lected and recrystallized from butanol 
needles were obtained, m. p. 271°C. 

Found: C, 53.26; H, 4.55. Calcd. for C,,H 

33.39; Hi, 445 

2,3- Dimethyl - 5 - acetyl benzoquinone. 2,3 - Di- 


methyl-5-acetylhydroquinone (5 g.), anhydrous potas- 


sium carbonate (5g.) and freshly prepared silver 


oxide (15 


g.) were shaken in dry benzene (S50cc.) for 
5 min. at 3 


5% The reaction mixture was filtered 
ind the solid is shaken with fresh benzene On 


evaporation of combined solution under reduced 


pressure,  2,3-dimethyl-S5-acetylbenzoquinone = was 
obtained in yellow brown oily state, vield 92 
Found i. oe z= . ) { yr C,,H;,O 
67.41; H, 5.62 
2- Acetylnaphthohydroquinone. 


quinone IZ 


Naphthohydro- 
was suspended in gl tl acetic acid 


30 cc.) and under iter cooling, boron trifluoride 
passed into the suspension. Under heat evolu- 

hydroquinone dissolved slowly and a clear 
brown solution was obtained. After saturation 
boron trifluoride the reaction mixture was im- 


poured Wo ice Water. The orange red 


de product) was filtered ; after repeated 


tions from dilute ethanol, it melted at 


H. 5.00 


In the infrared spectrum, this material has the 
bands attributed to OH at 3300 cm 
carbonyl at 1750cm and carbonyl 
1630 cm It 


vith ferric chloride in ethanol solution and a posi- 


broad), acetate 


bonded) at 


exhibited greenish blue coloration 


tive result to the iodoform test. 
The above crude product was dissolved in 2N 


ieous sodium hydroxide containing small 


int of sodium) hydrosulfite After 20 min., 


nsoluble materials were filtered off, the solu- 


Ryoichi FusisHiro 
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tion was neutralized with 2N 
and the resulting crystals collected by 
After repeated recrystallizations from dilute ethanol, 
yellow crystals were obtained, m.p. 206~208 C, yield 


3.5 


hydrochloric acid 
filtration. 


g. (5625). 
Found: C, 70.92; H, 
71.29; H, 4.96 
This material exhibited yellow 
with ferric chloride in an ethanol solution and a 
positive result to the iodoform test. In the infrared 
spectrum, it has the bands attributed to OH at 
ibout 3300cm 
1618 cm bonded.). 
2-AcetylInaphthoquinone!». 
anhydrous potassium carbonate 


4.96. Caled. for Cy2H;,O 


brown coloration 


(bonded) and acetyl carbonyl at 
2-Acetylnaphthohy- 
droquinone (lg 
prepared silver oxide (3 g.) were 
shaken in-= dry 40°C for 15 min. 


The reaction mixture was filtered and the solvent 


1g.) and freshly 


benzene at 


was removed under reduced pressure. The residue 

from light petroleum; golden 

yellow needles were obtained, m. p. 83~84-C, yield 

0.842. (85 (Found: C, 71.85; H, 3.87 
Determinations of Oxidation-Reduction Potential 

by Polargroaphic Method. 

potential measurement was carried out by preparing 


buffer 


was recrystallized 


Oxidation-reduction 


0.001 «1 solution of quinone derivatives in 
containing 0.1 N sodium acetate 
ethanol at pH 5.4. In o1 


hydrogen electrode the 


solution 


icetic acid in 50 
find the standard normal 
otentials were calculated for pH of zero, using 
0.246 V. as the standard 


] | slacr > 
calomel electrode 


potential of the saturated 


Professor Tosi 


kind 


The author wishes to thank 
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Interaction Polarization of the Hydrogen Bonded Complexes. Il 


By Ko Kimura and Ryoichi FUJISHIRO 


Recieved August 22, 1960 


molecular polarization 
reported by Sutton 


An increase of the 


due to hydrogen bonding 


et al.0, by Tsubomura” and also by the present 


authors is one of variations of dielectric 


properties arising from the molecular interac- 
tion. Many obstacles are present in the precise 
determination of the molecular polarizations 
for the hydrogen bonded complexes from the 
constants, specific 


ternary 


measurements of dielectric 


volumes and refractive indexes of 
solutions (proton donors, proton acceptors and 


inert solvents). The most important point 1s 
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whether or not Debye’s equation holds even 
approximately in ternary solutions, because the 
measurements are carried Out in such solutions 
that the interaction between proton donors 
ind proton take place. This 
problem will be discussd elsewhere. In so far 
as polarization values for the complexes are 
calculated by the use of Debye’s equation, we 
must devise a way to make the 
small as possible between the dielectric constant 
of a pure solvent and that of a ternary solution 
containing large quantities of a proton acceptor. 
Otherwise the polarization obtained 
from observed dielectric constants and specific 
volumes are not reliable because of the solvent 
effect. In order to make the dielectric con- 
stants of ternary solutions with high concentra- 


acceptors can 


difference as 


values 


tions of proton acceptors as low as possible, 
S necessary to use nonpolar proton acceptors 
ch as p-dioxane and bipyridyl. For example, 
follows that when we want to investigate 
he polarization value of the phenol pyridine 
complex, examination of the phenol + bipyridyl 
instead of the phenol pyridine 
more reasonable from con- 

1 


deration of the solvent effect. 


complex 


complex itself is 
[In the previous paper, the dielectric measure- 
nents were carried out for some of the OH---O 


drogen bonded systems by using benzene as 
solvent, and the 


inert analysis was. per- 


the covalent 

character of the hydrogen bonds. This report 
describes first the results of dielectric measure- 
nents for the OH---N hydrogen bonded systems 
benzyl alcohol + bipyridyl, benzyl] 
triethylamine, phenol bipyridyl 
triethylamine by exactly the same 
report, and 


formed based on a model with 


such as 
ilcohol 
nd phenol 
procedure as in the previous 
secondly the correlation between the dielectric 


data and the infrared spectra. 


Experimental 


Materials used in this work were purified by the 


nethod described in Weissberger’s text-book 


Benzene was used as a solvent throughout this 
vork. It was frozen three times after being shaken 
vith concentrated 


odium 


sulfuric acid and with dilute 


hydroxide, dried over phosphorous pen- 
through a 


Benzy! alcohol was purified 


oxide, and then fractionally distilled 
* Heli-Pack ”’ 


vith aqueous potassium hydroxide solu- 


column 
shaking 
yn and extracting with ether, which had been freed 
rom peroxides The extract was treated with 
turated sodium hydrogen sulfite solution and dried 


After the 
dried 


ver potassium carbonate. removal of 


benzyl alcohol was over lime and 


under reduced pressure. a, a'-Bipyridyl (the 


ind U. Danielsson 
»ymura, This Bulle 
Organic S 


1955 
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special grade made by Wako Pure Chemicals Co., 
Ltd.) was dried in a desiccator and used without 
further purification. Its melting point was 70. 5-C. 
The measurements of dielectric constants <, refrac- 
tive indexes n and specific volumes v were carried 


out at 25-C with the apparatus already reported 


Results 


The results of the measurements of ¢, n 
and v for the four ternary systems i.e., benzyl 
alcohol a, a'-bipyridyl benzene, benzyl 


TABLE I. POLARIZATION DATA AND FORMATION 

CONSTANTS OF THE HYDROGEN BONDED COMPLEXES 
Benzyl 
The weight per cent of a, a 


is 4.011 


ilcohol — a, a'-Bipyridyl Benzyl alcohol 


1 
pyridyi 


«1 + . 
yl alcohol Tricthylamine 
cent Of triethylamine 


29 OS 


0.240 
0.347 
72. 
91. mol 
i OCC. 
.8cc I 31.4 cc 


‘7D 2.57D 


‘nol - a,a'-Bipyridyl Phenol 


weight per ce a,a'- 
bipyridyl is 2.527 
2.2900 - 4.804 
2--0.168 w 
0.259 


1.13811 


Iriethylamine 


cent Ol triethylamine 


-~ 
8 |. mol 
214.8 cc 


8.0 cc 


3.02 D 
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TABLE II 
Pe Attn dv 
Benzyl alcohol + bipyridyl 0.19D 0.19D 6%, 240 cm 
Benzyl alcohol + triethylamine if 1.17 400 
Phenol — bipyridyl 0.48 0.39 , 480 


Phenol — triethylamine 1.54 1.45 : 600 
(1.00)* 


Benzyl alcohol + dioxane 0.10 0.10 : 110 
Phenol — dioxane 0.29 0.21 3 250 f) 


* This value reported by Sutton et al.') was calculated by the use of the formula P— 3} fipi. 

a) Measurements for the ethanol pyridine system were carried out by the present authors with 
a Perkin-Elmer model 21 spectrophotometer. 

b) C. H. Huggins and G. C. Pimental, J. Phys. Chem., 60, 1615 (1956). 

c) N. Fuson, P. Pineau and M-L. Josien, J. Chem. Phys., 55, 454 (1958). 
Measurements were carried out by the present authors with a Perkin-Eimer mode! 21 spectro- 
photometer. 
N. D. Coggeshall and E. L. Saier, J. Am. Chem. Soc., 73, 5414 (1951) 
H. Tsubomura, J. Chem. Phys., 24, 927 (1956) 


alcohol triethylamine ~ benzene, phenol infrared absorptions. When the content of 
a,a'-bipyridy] -- benzene and phenol + tri- triethylamine is 9.30 or 29.95 weight per cent, 
ethylamine - benzene, are expressed in Table P, is calculated to be 168.2cc. or 167.0cc. The 
I by formulae relating ¢«, n° and v to w,_ difference 1.2cc. between these two values is 
respectively, where w represents the weight attributable to the solvent effect. On _ the 
fraction of the proton donors. The calculation other hand, one can deduce both K and P 
of the molecular polarizations from _ these from P’s in two concentrations of triethyl- 


experimental data was performed according to. amine. The calculated values of K and P; are 


the method described in the previous paper. 3.2 1. mol. and 166.2cc., respectively. This 
Polarization values P’ thus obtained are also result indicates the fact that the reliable 
shown in Table I, together with those for the association constant can be obtained in the 
corresponding binary systems already reported case of the complexes of the small K and large 
i.e., benzyl alcohol + benzene and phenol 4P=P,—P. As K for the phenol + a,a’- 
benzene. P’ will contain the polarization for bipyridyl complex, we used the formation 
the free proton donor as well as that for the constant for the phenol + pyridine*? determined 
complex. If the fraction of the proton donor by the measurement of infrared absorptions. 
existing in the form of the complex in the limit The value of K for the phenol + triethylamine 
w—0 is estimated by the use of the formation complex is reported to be about 83.8 1./mol.' 
constant K of the complex, the true polarization by the measurement of ultraviolet absorptions. 
value P, for the complex is determined by both If we assume that the distortion polarization 
the polarization value P for the free proton does not vary with complex formation and is 
donor and P’. The formation constants of the equal to the molecular refraction Rp at the 
complexes tabulated in Table I are either taken sodium D line, then we can calculate the 
from literatures or measured by the present permanent dipole moment /; for the proton 
authors. As K for the benzyl alcohol + a,a'- donor forming the complex. This assumption 
bipyridyl complex is expected to be of the is not always reasonable, because it is con- 
same order as that for the ethanol ceivable to ascribe JP to an increase of the 
pyridine complex, we measured the ultraviolet atomic polarization. However, we shall carry 
spectra? of the latter system by using »- out tentatively the analysis of experimental 
heptane as a solvent, and determined K from data under the assumption that JP arises from 
the variation of the intensity of the n->= the intermolecular charge transfer. The vector 
electronic transition of pyridine? due to the subtraction of the dipole moment yf of the 
addition of ethanol. K for the benzyl free proton donor from /; gives the increment 
alcohol triethylamine complex is reported to of the dipole moment due to complex formation 
be about 2.9 |./mol.°? by the measurement of The results of the vector calculations are 
summarized in Table II. 

6) Ultraviolet absorption spectra were measured with < 

Beckman model DU spectrophotometer 9) N. Fuson, P. Pineau and M-L. Josien, J. chim. phy 

7) G. J. Brealey and M. Kasha, J. Am. Chem. Soc., 77 55. 454 (1958) 


4462 (1955). 10) S. Nagakura and M. Gouterman. J. Chem. P. 
8) G.M. Barrow and E. A. Yerger, ibid., 76, 5247 (1954 881 (1957). 
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Discussion 


It is generally believed that the hydrogen 
bond is not only of the electrostatic, but also 
of the covalent character. If the hydrogen 
bond is somewhat of the covalent character, 
structure IIf among the following three 

(1) O H:---Y 

(II) O H*-::-Y 

(IIT) O----H-Y* 
important role. Then 


will play a relatively 


the observed increment of the dipole moment 


dar ft) —f is considered to be due to the 
contribution of structure III in the case of benzyl] 
alcohol — triethylamine, whereas in the phenol 

triethylamine polarization of zx- 
electrons of phenol will, to a certain extent, 
arise OWing to the lone pair field of triethyl- 
amine. This induced moment will be of the 
magnitude of 0.16D, as estimated from the 
detailed description for the phenol + dioxane 
system. In systems such as phenol triethyl- 
imine, therefore, the vector subtraction of 
0.16D from Jy gives the average increment 
of the dipole moment due to the contribution 
of the structure III. Furthermore, in the case 
of phenol bipyridyl, it must be considered 
that polarization of z-electrons will be induced 
in pyridine owing to the proton field of phenol. 
This calculation is very difficult, and we could 
not estimate this value. The increase of the 
dipole moment J/4p arising from delocalization 
in this system, therefore, may be smaller than 
the tabulated 4/4) which gives the upper limit. 

If we estimate the O---Y distance from the 
shift of the wave number of the OH stretching 
vibration'», the electric moment for structure 
[If is evaluated. Moreover, when we suppose 
that the ratio of the weight of structure I to 
that of structure II is the same as in a free 
state, then we can estimate the contribution 
of structure III from the increment of the 
dipole moment. The results thus obtained are 
shown for all systems in Table II. The large 
contribution of structure III means the weaken- 
ing of the OH bond, which is reflected on the 
decrease of the force constant of the OH bond, 
ind hence leads to a decrease in the wave 
umber of the OH _ stretching vibration. The 
wave number shift J» of the OH stretching 
vibration has often been correlated with the 
rengths of the hydrogen bonds. Therefore, 
we may expect the correlation of J» with the 
eight of structure III. The observed y's for 
in the 


sysiem, 


WW 
\\ 


the OH stretching vibration are given 


11) K. Nakamoto, M. Margoshes and R. E. Rundle. J 


1 Chem. Soc.. 77. 6480 (1955 


Interaction Polarization of the Hydrogen Bonded Complexes. II 


jv, cm 


Fig. 1. The correlation of the weight of the 
structure II] with 4v. 


last column in Table II. The weight of struc- 
ture III is plotted against J» in Fig |. The 
four complexes lie on a straight line except 
benzyl alcohol triethylamine and phenol 
triethylamine, but the latter two complexes 
show extraordinarily great values for the weight 
of structure III in spite of the small dv. If 
the spectroscopic results are correct, it seems 
that there are some questions about the above- 
mentioned treatment of the dielectric data. 
This is because it is natural to expect that the 
weight of structure III varies continuously 
with Jv. However, it has already been found 
by Barrow that when pyridine and _ triethyl- 
amine are used as proton acceptors, the latter 
shows a character considerably different from 
that of the former. He distinguished acetic 
acid pyridine from acetic triethyl- 
amine, and called the former and the latter 
the hydrogen bonded complex and the hydrogen 
bonded ion pair, respectively. If we accept 
the idea suggested by Barrow, the hydrogen 
bonded complex belongs to a different category 
from the hydrogen bonded ion pair, that is to 
say, there is a distinct boundary between the 
former and the latter. The dielectric data 
suggest this idea, but it difficult to 
understand even qualitatively that benzyl 
alcohol ~ triethylamine is of the ion. pair 
character without intermediate 
character. This point will be discussed else- 
where in near future. 


acid 


seems 


showing an 


Summary 


The dielectric measurements were carried 
out for benzyl alcohol a, a'-bipyridyl, benzy] 
alcohol triethylamine, phenol 
dy! and phenol triethvlamine by 


aca '-bipy ri- 


using 


G. M. Barrow, ibid., 78. 5802 (195¢ 
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benzene as a solvent, and the polarization Dr. M. Momotani and Mr. M. Shiro of the 
value for each system was calculated. The Momotani Juntenkan Co., Ltd. for their kind 


additional moments due to complex formation 
were evaluated, as in the previous paper, from 
data and the 
formation constants. 


both the polarization spectro- 


scopically determined 


Then the weight of structure III was estimated 


and correlated with the wave number shift J» of 


the OH vibration. 


stretching 
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Science 


XII. Syntheses of 


{cid, 


{ntitumor Substances' 


By Mitsuhiro KINOSHIT 

Received Au 
A recent publication’? from this laboratory 
described the syntheses and antitumor activities 
of some methylene derivatives of ketocarboxylic 
icids, among which the calcium salt of 4-keto- 
5-hexene-l-carboxylic acid was found to have 
low toxicity as well as strong activity. The 


present paper is concerned with an extension 


of this work and presents the syntheses and 
antitumor activities of two higher members of 
even- and odd-numbered carbon acids of the 
above mentioned series. The syntheses have 
been worked out as shown tn the accompany- 
ing chart 
HO.C(CH:).CO:C:2H Br(CH.).CO.C.H 
I Il 
» CH.CO-CH-(CH:)-.CO.C.H » 1Va 
CO.C.H 
iI 
CH CO(CH CO.H 
IVa, IVb 
HC1-(CH,).N(CH:;).CO(CH CO_H 
Va. Vb 
HCI1-(CH,).-N(CH:):-CO(CH.,) ,CO-CH 
Via. VIb 
1(CH,),.N(CH:)-CO(CH,) ,CO.CH 
Vila, VIlb 
1) Presented at the 13th Annual Meeting of the ¢ hemical 
Society of Japan. Tokyo. April 1960 
M. Kinoshita and S Umeza i Th Bullet Ri 
1075 (1960 


\ 


’ 


and Sumio UMEZAWA 
ist IS, 1960 
CH CHCO;’(CH CO.CH 
Villa, VIIIb 
CH, -CHCO(CH:),CO.H 
IXa, IXb 
IVa, Va, Vila, Vila, Villa, [Xa i) 
IVb, Vb, Vib, VIIb, VIIIb, Xb =8 
11-Oxo-12-tridecenoic Acid (IXa). Ethy! 9 


bromononanoate (II) was prepared from ethy! 
the method 
The 


converted into 13-(dimethylamino)-11-oxotri- 


hydrogen sebacate by used for 
nethy!l 5-bromovalerate. bromoester was 


decanoic acid hydrochloride (Va) by the 
sequence of acetoacetic ester condensation, 
decarboxylation and the Mannich reaction 
The methyl ester Vla of the Mannich base 
hydrochloride was converted into its free base 
and then to the methiodide Vila. Thermal 
degradation of the methiodide afforded the 
desired methylene derivative Villa in a yield 
of 75.5 Hydrolysis of the ester VIIla with 
hydrochioric acid in acetone afforded 11!-oxo- 
12-tridecenoic acid IXa. 

The ultraviolet absorptions of Villa and IXa 
in methanol solution showed peaks at 210 
317~318 and 210, 317 my, respectively, sug 


J-unsaturated ketone 
group (Fig. 1), he infrared 
teristics of Villa and [Xa wer 


gesting the presence of a, 
iDsorption cha 


rac- 


. il > " t ] 
e just as expected, 
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id showing the presence of double bond, con- Ozonolysis of the unsaturated keto-acid 1Xa 

Tr. jugated carbonyl and carboxyl groups (Fig. 2 gave formaldehyde, indicating the presence of 

ly and Fig. 3). a terminal methylene group. 

of As described above,  11-oxo-12-tridecenoic 
. acid was obtained when the hydrolysis of 
1) methyl 1l-oxo-12-tridecenoate (VIIa) with 


hydrogen chloride in acetone was followed by 
adjustment of pH to feebly alkaline with a 
saturated solution of sodium bicarbonate and 
by removal of acetone at 60~65 ¢ However, 
it has been found that 13-chloro-11-oxotri- 
decanoic acid was obtained by a similar proce- 
dure except that acetone was removed under 
cooling at about 5°C. On being treated with 
an aqueous acetone solution of sodium bicar- 
bonate at 60~65°C, the saturated chloro 
derivative afforded [Xa. 


log ¢ 
, 


a 
, , 10-Oxo-11-dodecenoic Acid (IXb).— 12-(Di- 
a, x methylamino )-10-oxododecanoic acid hydrochlo- 
ride(Vb) was prepared from 10-oxo-undecanoic 
acid which had been described by J. Cason’. An 
analogous sequence of reactions as described 
200 i 35 above in the synthesis of IXa has been applied 
Wavelength, my to yield the title compound. 

Fig. 1. Ultraviolet absorption spectra of Both 11l-oxo-12-tridecenoic acid and 10-oxo- 
methyl 11-oxo-12-tridecenoate (VIIIa) 11-dodecenoic acid have been found to possess 
( ) and 11-oxo-12-tridecenoic acid (IXa) antitumor and antifungal activities. These 
( ) in methanol. compounds showed rather higher toxicity in 


Wavelength in microns 


100- 3 4 5 6 7 8 9 10 11 12131415 


80+ | in ‘ale a 


60; vn \ J 
0 Ln U \. NV 
i . 
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1] 
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Fig. 2. Infrared absorption spectrum of methyl 11-oxo-12-tridecenoate (VIIa) (liquid). 
Wavelength in microns 
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Se co™~ 
80 \ () , anf \nmW wm hs 
1} atl! WY VAY \ 
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» Transmission 
_ 
a 
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Fig. 3. Infrared absorption spectrum of 11-oxo-12-tridecenoic acid (IXa) (Nujol 


4) J. Cason, J. Am. Chem. Soc., 68, 2078 (1946 
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comparison with 4-keto-5-hexene-I-carboxylic 13-(Dimethylamino)- 11 - oxotridecanoic Acid 
Hydrochloride (Va).—-A mixture of 10-oxodode- 


acid, which was previously reported 


Experimental 


Ethyl 9-Bromononanoate (II).—This preparation 
was carried out according to the method used for 
methyl 5-bromovalerate®. Ethyl hydrogen sebacate 
(139 g.) was dissolved in a solution of potassium 
hydroxide (40g.) in water (1.8 1.). A solution of 
silver nitrate (103 g.) in water (1.2 1.) was added 
under stirring. The precipitate of ethyl silver seba- 
cate was collected, washed with methanol (400 ml.) 
and dried in a vacuum desiccator overnight. The 
silver salt was finely powdered, sieved through a 60- 
mesh screen and again dried in vacuo at 100°C over 
phosphorus pentoxide for 15 hr.; yield 183 g. (902.). 
To a stirred suspension of the dried salt in dry 
carbon tetrachloride (238 ml.) was added dry bro- 
mine (27.2 ml.) over a 45-min. period, and then the 
mixture was refluxed for Ihr. on a water bath. 
The resulting mixture was filtered to remove silver 
bromide, which was washed with warm carbon 
tetrachloride (68ml.). The filtrate was washed 
with 10°, sodium carbonate and dried over sodium 
sulfate. The filtration followed by the removal of 
the solvent afforded a crude product of the title 
compound boiling at 148.5~151.8 C (9.8 mmHg), 
yield 80.1 g. (50%, ethyl hydrogen 
sebacate). Redistillation of the product gave an 
analytical sample, b. p. 147.5~148.5°C (8.9 mmHg), 
nv? 1.4622. 

Found: €, $0.02; H, 8.14; Br, 30.35. Caled. 
for C,,H:,0:Br: C, 49.81; 7.94; Br, 30.192. 

Ethy! 10-Oxoundecane-1, 9-dicarboxylate (III). 

A solution of sodioacetoacetic ester was prepared 
from sodium (7.75 g.), absolute ethanol (135 ml.) and 
ethyl acetoacetate (43.9g.). Ethyl 9-bromononano- 
ate (Il) was added at 40~45 C under stirring in a 
45 min. period and then the mixture was _ refluxed 
on a water bath for 2hr. After filtration of sodium 
the filtrate was concentrated under reduced 
Distillation of the residue gave ethyl 10- 


based upon 


bromide, 
pressure. 

oxoundecane-!,9-dicarboxylate, b.p. 173~191°C (5 
(58.8%). Redistillation gave 
188.5~191.4 C (1.8 


mmHg), yield 62.3 g. 
an analytical sample; b. p. 
mmHg), nj! 1.4051. 

Found C, 64.80; H, 9.68. 
C, 64.94; H, 9.62 

11-Oxododecanoic Acid (IVa). A mixture of 
10-oxoundecane-1,9-dicarboxylate 14.62.), 
and glacial acetic 


Caled. for ¢ HO 


ethyl 
35°, hydrochloric acid (26.3 ml 
acid (50 ml.) was refluxed in an oil bath 
130 C) for |.S5hr. After cooling, the mixture was 
extracted with five 40 ml. portions of ether. The 


125~ 


extract was evaporated to yield a crude solid of the 
title compound. Recrystallization from petroleum 
benzine (45~80 C) gave 82.5 g. (82.5%,) of crystals. 
Repeated recrystallization from the same solvent 
gave an analytical sample, m. p. 62.8~63.7 C». 
Found: C, 67.36; H, 10.08. Caled. for C;:H..O,: 
7 10.35 


©, 67.295 Ti 


5) J. Cason et al. recently reported m. p. 61~61.5°C of 
this compound which was prepared by an alternative 
method; see J. Cason and D. J. McLeod, J. Org. Chem.. 
23, 1499 (1958) 


canoic acid (IV) (5.0g.) and dimethylamine 
hydrochloride (1.9g.) was heated at 110~115°C. 
To a resulting melt was added paraformaldehyde 
(0.7 g.) and the mixture was stirred at 105 C for 
45min. Evaporation under pressure to 
remove moisture gave a solid, which was recrystal- 
lized from absolute ethanol to afford fine needles 
of 13-(dimethylamino)-11-oxotridecanoic acid hydro- 
chloride, m. p. 145.0~146.5°C, yield 2.15 g. (31.2%). 
Repeated recrystallization from the same solvent 
gave an analytical sample, m. p. 145.5~146.5°C. 
round: €, 56.72; H, 9.70; MN, 4.59. Caled. 
for C:;H3,0;NCI: C, 58.54; H, 9.83; N, 4.56%. 
Methyl 13-(Dimethylamino)- 11 -oxotridecanoate 
Hydrochloride (Vla).--A mixture of 13-(dimethyl- 
amino)-11l-oxotridecanoic acid hydrochloride (Va) 
(3.85 g.) in absolute methanol (40 ml.) was saturated 
with dry hydrogen chloride and allowed to stand 
overnight. Removal of the solvent under reduced 
pressure afforded the title compound as colorless fine 
needles, yield 3.85 g. (96.3°,). An analytical pure 
sample was obtained by recrystallization from ab- 
solute methanol-ether followed by fractional sub- 
limation under reduced pressure; m. p. 105~107°C. 
Found: C, 59.44; H, 9.55; N, 4.28. Caled. 
for CigH3,0,;NCI: C, 59.67; H, 9.95; N, 4.38%. 
Methyl 13-(Dimethylamino)- 11-oxotridecanoate 
Methiodide (VIla).—-The crude methyl 13-(dimethyl- 
amino)-11-oxotridecanoate 2 


reduced 


hydrochloride (2.55 g.) 
was triturated with water (3 ml.) and 50%, aqueous 
potassium carbonate solution (5.5 ml.). The sepa- 
rated oil was extracted with eight 10 ml. portions 
of ether. After the extract was dried with fused 
potassium acetate, the ether was removed by distil- 
lation to give the crude crystalline solid of methyl 
13-(dimethylamino)-I1-oxo-tridecanoate melting at 
22.0~23.0 C. Yield, 2.04g. (90.42,). The product 
2.0g.) was dissolved in a mixture of absolute 
benzene (8.5ml.) and absolute acetone (4.3 ml.) 
and to the solution was added methyl iodide (9.64 
ml.) rapidly. The reaction was exothermic and 
immediately afforded a crystalline methiodide Vila, 
which was washed with benzene-acetone (2:1); 
m.p. 142.5~144.8 °C, yield, 3.05 g. (89.82,). 
C, 47.99; H, 7.59N, 3.34. Calcd. for 
Cc, 47.733. By, 7.96; BM, 3.26%. 
11-Oxo-12-tridecenoate (VIIla).--A 
sample of the above methiodide Vila (3.0g.) was 
placed in a small distillation flask and heated at 
164-C in an oil bath under highly reduced pressure 
(0.005 mmHg). The colorless crystals of methyl 
11-oxo-12-tridecenoate were obtained in a 
cooled in a dry ice-methanol bath; 1.27 g. (75. 
Microdistillation gave an analytical sample; b. p. 
85~90 C (bath temperature) (0.002 mmHg), m. p. 
138 5°C. 

Found: C, 69.88; H, 10.14. Calcd. for C;,H24O;: 
C, 69.96; H, 10.07 

Maxima in the ultraviolet absorption spectrum 
were observed in methanol at 210 and 317~318 mg 
with < 10,360 and 32.8, respectively. The infrared 
absorption spectrum with liquid film showed 
maxima at 1747 (ester C=O), 1692 (conjugated 
C—O) and 1618cm™! (C=C). 


Found: 
C,;H,,0;NI: 
Methyl 


receiver 
7%). 
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11-Oxo-12-tridecenoic Acid (IXa).—-A_ solution 
of methyl-11l-oxo-12-tridecenoate (VIIla) (1.100 g.) 
in acetone (30ml.) and 35% hydrochloric acid (5 
ml.) was kept at 20°C for 20hr. The solution was 
cooled in an ice bath and adjusted to pH 8.2~8.4 
with a saturated solution of sodium bicarbonate 
35 ml.) and with solid sodium bicarbonate (9g.). 
After removal of acetone by distillation at 60~65-C, 
the solution was shaken with two 10 ml. portions 
of ether to remove any unreacted ester. The water- 
layer was adjusted to pH 1.8~2.0 with 3N hydro- 
chloric acid and extracted with five 10 ml. portions 
of ethyl acetate. After the extract was dried over 
sodium sulfate, the ethyl acetate was distilled off 
under reduced pressure to yield a crude product of 
11-oxo-12-tridecenoic acid (I1Xa), which was crystal- 
lized from petroleum benzine (b.p. 45~80°C) ; 
yield 588mg. (57.320), m.p. 57.5~61.0°C. An 
analytical sample was prepared by fractional vacuum 
sublimation, m.p. 61.0~62.0°C. The substance 
gave a negative iodoform reaction. Maxima in the 
ultraviolet absorption spectrum were observed at 
210 and 317 mz with ¢ 8575 and 30.5 in methanol, 
The infrared absorption spectrum in 
O) and 1616cm 


respectively. 
Nujol showed maxima at 1700 (C 
C=€). 

Found: C, 68.58; H, 9.97. 
C, 68.99; H, 9.80%. 


Ozonolysis of IXa.—A solution of [Xa (100 mg.) 
in ethyl acetate (5 ml.) was treated with an approxi- 
mately 2%, (by ‘veight) ozone-oxygen mixture at 
0C at a rate of 500 ml./min. for 2hr. The result- 
ing solution was mixed with water (5 ml.) and zinc 
dust (150 mg.) and the mixture was refluxed for 30 
min. The reaction mixture was filtered while hot 
into a solution of methone (150 mg.) in ethanol 
Sml.). Dilution with 10 ml. of water afforded the 
needles of formaldehyde methone, m. p. 187~189°C ; 
vield 22 mg. (17.122). Admixing with an authentic 
specimen of formaldehyde methone showed no 
change of melting point. 


Caled. for C;,H22O 


13-Chloro-11-oxotridecanoic Acid.--A solution of 
methyl 11-oxotridecenoate (VIIla) (1.0 g.) in acetone 
30 ml.) and 35% hydrochloric acid (Sml.) was 
kept at 20°C for 20hr. The solution was cooled 
in an ice-bath and adjusted to pH 8.2~8.4 with a 
saturated solution of sodium bicarbonate (35 ml.) 
and with solid sodium bicarbonate (9g.). After 
removal of acetone under reduced pressure at 5 C, 
the resulting solution was shaken with two '0ml. 
portions of ether to remove any unchanged ester. 
he water layer was adjusted to pH 1.8~2.0 with 
N hydrochloric acid and extracted with five 10 ml. 
portions of ethyl acetate. After the extract was 
dried over sodium sulfate, the solvent was distilled 
off in vacuo. The residue was crystallized from 
petroleum benzine (b. p. 45~80°C) to afford colorless 
tine plates of 13-chloro-!l-oxotridecanoic acid ; 
yield 639 mg. (58.490), m.p. 58.5~61.0°C. They 
were recrystallized twice from petroleum benzine, 
m.p. 61.0~61.8°C. The substance gave a positive 
Beilstein’s test. Admixing with a sample of IXa 
showed depression of melting point (m. p. 53.0~ 
59.5 C). Only one maximum in the ultraviolet 
absorption spectrum was observed in methanol at 
280 mvt (< 47.0), which indicated a normal carbonyl 
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group. The infrared absorption spectrum in Nujol 
showed a normal carbonyl band at 1710cm™!. 

Found: C, 59.18; H, 9.01; Cl, 13.56. Calcd. 
for C;3H2,0;Cl: C, 59.36; H, 8.74; Cl, 13.50%. 

To a solution of the above product (850 mg.) in 
water (60ml.) and acetone (60 ml.) was added an 
excess amount of sodium bicarbonate. Acetone 
was remorved by distillation at 60~65°C. The 
residue was processed by the same procedure as 
that used for the preparation of IXa to afford 655 
mg. (89.7%,) of [Xa, m. p. 57.5~60.7°-C. Admixing 
with a sample of IXa showed no change of melting 
point. 

12-(Dimethylamino) - 10-oxododecanoic Acid 
Hydrochloride (Vb).—A mixture of 10-oxoundeca- 
noic acid® (IVb) (9.60g.) and dimethylamine 
hydrochloride (3.93 g.) was heated at 110°C. To 
the resulting melt was added paraformaldehyde 
(1.44g.) and the mixture was stirred at 105°C for 
45min. Evaporation under reduced pressure to 
remove moisture gave a solid which was crystallized 
from absolute ethanol (24 ml.) and absolute acetone 
(24 ml.) to afford the crystals of 12-(dimethylamino)- 
10-oxododecanoic acid hydrochloride; yield 3.55 g. 
25.2%), m.p. 138~139.5°C. From the mother 
liquor 0.3g. of the additional crop was obtained, 
m.p. 137~139 C. The total yield was 27.3%. An 
analytical sample was obtained by repeated recrys- 
tallization from ethanol, m. p. 138.5~139.5-C. 

Found: C, 57.17; H, 9.63; N, 4.85. Caled. for 
Cy4H20;NCI: C, 57.23; H, 9.60; N, 4.77%. 

Methyl 12-(Dimethylamino) -10-oxododecanoate 
Methiodide (VIIb). A mixture of 12-(dimethyl- 
amino)-10-oxododecanoic acid hydrochloride (Vb) 
(4.5g.) and absolute methanol (46ml.) was satu- 
rated with dry hydrogen chloride and allowed to 
stand overnight. The solvent was removed by dis- 
tillation under reduced pressure to afforded a 
crude product of methyl 12-(dimethylamino) -10- 
oxododecanoate hydrochloride, which was triturated 
with water (5.7 ml.) and 50%, aqueous potassium 
carbonate solution (10.4 ml.). The separated oil was 
extracted with eight 18 ml. portions of ether. After 
the extract was dried over fused potassium acetate, 
the ether was removed by distillation to give colorless 
prisms of methyl 12-(dimethylamino) -10-oxododeca- 
noate (VIb) melting at 34.0~35.5°-C; yield 1.7g. 
(40.5%). The crude free ester (1.7 g.) was dissolved 
in a mixture of absolute benzene (7.5ml.) and 
absolute acetone (4.8 ml.) and to the solution was 
added methyl (8.5g.). The reaction was 
exothermic and immediately afforded a crystalline 
methiodide (VIIb), which was washed wth benzene- 
acetone (2:1); m.p. 173°C (decomp., sintered at 
141~142°C); yield 2.2 g. (34.7%. based upon Vb). 
C, 45.97; H, 7.78; N, 3.80. Calcd. for 
CigH3203;NI: C, 46.49; H, 7.80; N, 3.39 

Methyl 10-Oxo-Il-dodecanoate (VIIIb).--A 
sample of methiodide VIIb (2.20g.) was placed in 
a small distillation flask and heated at 164°C in 
an oil bath under highly reduced pressure (0.005 
mmHg). Colorless crystals of methyl 10-oxo-11- 
dodecenoate (VIIIb) were obtained in a_ receiver 
cooled in a dry ice-methanol bath; yield 1.02g. 
(84.5%,). Microdistillation gave an _ analytical 
sample, b. p. 95 C (bath temperature) (0.005 mmHg), 


iodide 


Found: 
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m.p. 12.2~13.2°C. Maxima in the ultraviolet ab- 
sorption spectrum were observed in methanol at 
209 and 317 my, with ¢ 9730 and 39.2, respectively 
The absorption spectrum in liguid film 
showed maxima at 1747 (ester C=0), 1692 (conju- 
gated C- O), 1620cm~! (C=C 
Found: C, 69.26; H, 9.65. 
C, 68.99; H, 9.80%. 
10-Oxo-11-dodecenoic Acid (IXb).--A_ solution 
10-oxo-11-dodecenoate (VIIIb) (1.112 g.) 
in acetone (36ml.) and 35%, hydrochloric acid (6 
ml.) was kept at 21°C for 21 hr. The solution was 
cooled in an ice-bath and adjusted to pH 8.2~8.4 
solution of sodium bicarbonate 
sodium bicarbonate (9 g. 
After removal of acetone by distillation at 65 € 
the solution was shaken with two 10 ml. portions 
of ether to remove any unchanged ester. The 
water-layer was adjusted to pH 1.8~2.0 with 3N 
extracted with five 10 ml 
portions of ethyl After the extract was 
dried sodium ethyl 
distilled off under reduced pressure to yield a crude 
(Xb) (850 


which was 


infrared 
Caled. for C;,H2.O 


of methyl 


saturated 
and with solid 


with a 
(42 ml. 


hydrochloric acid and 
acetate. 
sulfate, 


over acetate Was 


product of 10-oxo-1l-dodecenoic acid 
mg.) melting at 47~53.5-C, 
lized from petroleum benzine (b. p. 45~80°C) ; 
548 mg. (51%), m. p. 56.0~56.8-C. It gave a nega- 
Maxima in the ultraviolet 


observed in methanol at 


recrystal- 


yield 


tive iodoform reaction. 
absorption spectrum were 
209~210 and 321 my with ¢ 8660 and 27.9, respec- 
The infrared absorption spectrum in Nujol 
maxima at 1702 (C—Q) and 1615cm 


tively. 
showed 
(C=C) 
Found: C, 67.76; H, 9.36. 
C, 67.89; H, 9.50%. 
Bioassays.—It is interesting to find that both I1- 
oxo-12-tridecenoic acid (1Xa) and 10-oxo-11-dodece- 
antitumor and antifungal 
concentrations 


Caled. for Cy2H.,O 


noic acid (IXb) possess 
activities. The minimum necessary 
of both IXa and IXb for the anti-HeLa cell effect 
were 125 mcg./ml. Against cells of Ehrlich cartinoma. 
IXa and IXb had potencies of 1.3 and 1.4 units 
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mg. (in terms of sarkomycin potency) by cylinder 
plate method, respectively. The daily intraperitoneal 
injection of 125 mcg. of [Xa and IXb inhibited the 
ascites increase and prolonged the survival period 
of mice bearing ascities type of Ehrlich cartinoma 
by intraperitoneal route. Intravenous acute toxicity 
tests of IX and IXb in mice indicated the same 
LD,, dose of 670 mcg./mouse. 

Both [Xa and IXb completely inhibited the growth 
of Trichophyton mentagrophytes and Penicillium 
chrysogenum in a concentration of 7.8 mg./ml., but 
had comparatively weak activities against othe: 
fungi and bacteria tested. 


Summary 


1) 11-Oxo-12-tridecenoic acid (IXa) has 
been prepared from ethyl 9-bromononanoate 
(II) via 1ll-oxododecanoic acid (IVa) and the 
corresponding Mannich base Va. 

2) 10-Oxo-11-dodecenoic acid (IXb) has been 
prepared from 10-oxoundecanoic (IVb) 
via the corresponding Mannich base Vb. 

3) It has been found that IXa and 
possess antitumor and antifugal activities. 


acid 


IXb 
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On Oxazolo 5 : 4-b tropones” 


By Tetsuo Nozor, Kozo Doi* and Kazuo KITAHARA*™* 


(Received August 29, 1960) 


In the course of trying to 
pyridotropolone from 3-aminotropolone (1), it 
has been found that the condensation product 
of the aminotropolone and ethyl ethoxyme- 
thylenemalonate is not the anticipated vinyl- 


prepare a 


* Present address: The Chemical Research Institute 
of Non-Aqueous Solution, Tohoku University, Sendai 

** Present address, The Research Laboratory, Tokyo 
Tanabe Pharmaceutical Co., Tokyo. 


aminotropolone(II) but the dihydro-oxazolotro- 
pone (III), and that the latter III results in 
fission to form the oxazolotropone (IV) and 
ethyl malonate on pyrolysis An analogous 
observation has also been found in_ the 


1) This work in part was presented at the Tohoku Local 
Meeting of the Chemical Society of Japan, June, 1956 

2) T. Nozoe, K. Doi and K. Kitahara, This Bulletin, 
to be published. 





March, 1961] 


condensation product of o-aminophenol and 
ethoxymethylenemalonate®. The structure of 
the oxazolotropone (IV) was elucidated, at 
that time, from the similarity of its ultraviolet 
absorption to that of 2-methyloxazolo [5 : 4-b] - 
tropone (V) which had been obtained from 
the reaction of the aminotropolone and acetic 
anhydride”. 


NH 
CH 
OH C(CO.2Et), 


_NHX 


OH 
O O 
i: X=H II 
VI: X=CHO 


NH 
CH-CH (CO.Et), 
O 
O 
lil IV: X=H 
V: X=CH 


In this communication the present authors 
will deal with some reactions of the oxazolo- 
tropone (IV) and its derivatives, and with the 
condensation products of the aminotropolone 
and benzaldehydes in relation to the subject. 

Oxazolo [5:4-b] tropone (IV) was also prepared 
readily by application of methods analogous to 
those used for the preparations of benzoxazole 
from o-aminophenol to the aminotropolone. 
Thus, IV was obtained easily on heating the 
aminotropolone and formamide” and on heating 
3-formylaminotropolone (VI) in a sealed tube 

There have been known to date besides IV, 
the following oxazolotropones: 2-methyloxazolo- 
|5 : 4-b] tropone”? (V) and its bromo derivatives, 
2-methyloxazolo [4 : 5-b] tropone”? (VII), and 2- 
methyloxazolo [5:4-b] benzo [d] tropone®? (VIII). 
Recently preparations of 2-methyloxazolo [5 : 4- 
b| tropones from several diaminotropolones and 
acetic anhydride have been reported 


N 


O 
O 
Vill 


T. Nozoe and K. Doi, 
. Kitahara, Science 


ibid., to be publishe 
Repts. Tohoku Univ., Ses 
Ber., 30, 3064 (1897). 
1124 (1877 
Tisler, J. Chen 


. Niementowski, 
A. Ladenburg, ibid., 10, 
. W. Johnson and M. 1955 
1841. 

8) C. A. Nicholls and D. S. Tarbell, J. Am. Chem. S$ 
74, 4935 (1951). 
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Bull. Chem. Researe 
Univ., 9, 7 (1959). 
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Nicholls and Tarbell®? assigned the absorption 
maxima at 1617 and 1567cm~! in the infrared 
spectrum of VIII to the tropone carbonyl and 
the conjugated C-=N_ stretching vibration, 
respectively. The oxazolotropone (IV) has 
maxima at 1635 and 1588cm and has a 
further sharp maximum at 3120cm~', which is 
probably considered to originate in the CH 
vibration of the oxazole ring of IV, because a 
corresponding absorption is absent in the 2- 
methyloxazolotropones (V, VII and VIII); 
benzoxazole has also a maximum at 3125cm™~}, 
whereas 2-methylbenzoxazole lacks this absorp- 
tion 

It had been reported that 3-amino-4-isopro- 
pyltropolone affords a monoacetate of m. p. 
70.5~73°C on being with 
anhydride This monoacetate, however, was 
found to be an oxazolotropone (IX) because 
of the its ultraviolet 
absorption to that 

Oxazolotropone 


heated acetic 


resemblance of 
» of IV. 

(IV), similarly to benzo- 
xazole, was readily hydrolyzed by dilute acid 
or alkali to form 3-aminotropolone (1). In 
either case, the formylaminotropolone (V) was 
not isolated as the intermediate of the reaction. 

It has been known that tropolone methyl 
ethers with liquid ammonia to give 2- 
aminotropones. Oxazolotropone (IV) Is 
regarded methyl ether analogue of 
tropolone and an examination, therefore, 
directed to find a possibility of formation of 
1, 3-diazaazulene derivative from I\ 

When oxazolotropone (IV) 
stand in liquid ammonia overnight, there was 
obtained the aminotropolone (1) an 
ammonolysis product. The 2-methyloxazolo- 
tropone (V) resulted in formation of i 
additional acetamide on being treated in the 
same as the above. The reaction 
mechanism is probably interpreted as follows: 


close 


react 
also 
as a 


Vas 


was allowed to 
as 
and 


way 


R NH; 


LC 


NH 
(RCONH 


The proposed machanism seenis to be endorsed 


While troj 


polone 


by the following facts: a) 


acetate was ammonolyvzed under the same 
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condition to give tropolone and acetamide, 3- 
acetylaminotropolone was recovered unreacted. 
b) While the dibenzoyl compound of the 
aminotropolone was also ammonolyzed readily 
to give the N-benzoylaminotropolone and 
benzamide under the same condition, the 
former was recovered likewise in an unreacted 
state. These facts suggest that the formation 
of O-acylated compound as an intermediate 
occurs in the respective reaction of the 
oxazolotropone and liquid ammonia. The 
cleavage of this kind of oxazole ring recalls 
the reaction of imino ethers and ammonia 
resulting in the formation of the corresponding 
alcohol and amidine 

In the subsequent papers 
to discuss a ring-chain 
aromatic vinylamines possessing a hydroxyl 
group in the ortho position and oxazoline 
derivatives. According to Sachs and Brunetti 
product of o-aminophenol and 
2, 4-dinitrobenzaldehyde exists in the form of 
2-(2, 4-dinitrophenyl)benzoxazoline in place of 
the expected 2, 4-dinitrobenzylidene-o-amino- 
phenol. It seems to be interesting to 
find such a_ fact would also be 
applicable to the condensation products of the 
aminotropolone (1) and benzaldehydes. 

Unlike 3-aminotro- 
polone (1) did not give any reaction product 
when with benzaldehyde. Even on 
with more reactive p-nitrobenz- 
150°C for one hour, a condensa- 
tion product was not obtained. This difficulty, 
however, was overcome easily by the use of 
caustic alkali in the reaction. When an equi- 
molar mixture of the aminotropolone, respective 
benzaldehyde and sodium hydroxide was heated 
in methanol, the azomethine derivative (X, XI 
and XII) could be readily prepared. These 
products showed red coloration with ferric 
chloride test and hydrolyzed readily to form 
the aminotropolone (I) with water or aqueous 
alcohol. These facts mean that they do not 
exist in the form of their ring-tautomers of 
XIII. The same reaction of the aminotropolone 
and p-nitrobenzaldehyde afforded 2-(p-nitro- 
phenyl) oxazolotropone (XIV), the structure of 
which was assumed from the fact that it agreed 
with a reaction product of the aminotropolone 
and p-nitrobenzoyl chloride. 


, the authors are 
tautomerism between 


the reaction 


very 
whether 


5-aminoiropolone!", 
heated 


being heated 
aldehyde at 


CH — X NH 
ci— -X 
OH . O — 
O O 
A: X= 
mi: 6-01 XIII 
XII: X=OCH; 


12) J. Houben et al., J. prakt. Chem., 105, 12 (1922) 
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While the reaction of the aminotropolone 
and benzoyl chloride in pyridine produced a 
mixture of the dibenzoylated and N-benzoylated 
compounds, the reaction of the aminotropolone 
and p-nitrobenzoyl chloride under the same 
condition resulted in the formation of the 
oxazolotropone (XIV), which showed no color- 
ation with ferric chloride. An oxazole ring 
formation in the reaction with benzaldehydes 
or benzoyl chlorides seems to be more rapid 
in the case of the aminotropolone (1) than in 
the case of o-aminophenol'”». 


Experimental 
The ultraviolet absorptions were measured in 
methanol solution with a Beckman model DU 


spectrophotometer. The infrared absorption was 
veasured On potassium bromide disk with a Perkin- 
Elmer model 21 infrared spectrometer, using a rock 
salt prism. 

Oxazolo(|5:4-b|tropone (IV).—a) 
polone (1, 0.28g.) and formamide 
heated under reflux at 220 € Benzene 
idded to the reaction mixture at room temperature 
and the residual solid was collected. It gave IV 
0.1 g.), m.p. and mixed m.p.~ 150~151°C, after 
sublimation in vacuo following recrystallization 
from benzene. b) A mixture of the aminotropolone 
I, 1.4g.) and 80% formic acid (30 ml.) was heated 
under reflux for 3 hr. The evaporated residue of 
the solvent was crystallized from ethanol to give 
3-formylaminotropolone (VI, 1.2g.) as yellow 
m.p. 167~168-C (reported? m.p. 168~ 
169 ¢ When VI (0.3 g.) in a sealed tube was 
heated on an oil bath of 250°C for 30min., the 
oxazolotropone (IV, 0.1 g.) was obtained. 

Hydrolysis of the Oxazolotropone (IV).—A 
mixture of [IV (30mg.) and 3N_ hydrochloric acid 
(1 ml.) or 2N sodium hydroxide (1 ml.) was heated 
at 50 C for 30 min. Neutralization of the reaction 
mixture gave 3-aminotropolone (1), m. p. and 
mixed*? m. p. 97~98°C. 

2-Methyl-4-isopropyloxazolo|5:4-b|tropone (IX). 

A mixture of 3-amino-4-isopropyltropolone!» (30 
mg.) and acetic anhydride (1 ml.) was heated under 
reflux for one hour. The evaporated residue of 
the solvent, after sublimation in vacuo following 
crystallization from petroleum ether (b.p. 40~ 
60°C), gave the oxazolotropone (IX) as colorless 
prisms, undepressed on admixture with an authentic 
sample which had been reported!» to be a mono- 
acetate of the aminotropolone. 

Found: C, 69.82; H, 6.21; N, 7.35. Calcd. for 
CiHiO.N : C, 69.82; H, 5.86; N, 7.40%. MeOH 
my (log <): 245 (4.51), 320 (3.91) 


3-Aminotro- 
I ml.) was 
(2 ml.) was 


prisms, 


13) F. Sachs and W. Brunetti, Ber., 40, 3230 (1907). 
14) T. Nozoe, S. Seto et al., Proc. Japan Acad., 27, 426 
(1951). 


15) R. D. Desai, J. Chem. Soc., 1934, 1186. 
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Ammonolysis of the Oxazolotropone (IV).-A 
solution of IV (0.7 g.) in liquid ammonia (50 ml.) 
vas allowed to stand in a pressure bottle for 24 

at room temperature. Ammonia was allowed 
to evaporate, the residue was washed out with 
methanol (SO ml.), and the evaporated residue of 
he solvent was crystallized from benzene to give 

e aminotropolone (I, 0.53 g.). 

Ammonolysis of the 2-Methyloxazolotropone(V). 

4 solution of V (0.5g.) in liquid ammonia (50 

was allowed to stand for 3 days at room 


temperature. The residual solid of evaporation of 
nmonia, afer recrystallization from dilute metha- 
ifforded the aminotropolone (I, 0.3g.). The 
iporated residue of the mother-liquor, after 


chromatographic purification tlumina—benzene) 
llowing crystallization from petroleum ether (b. p. 
40~60 € 
Sr“. 
Ammonolysis of Tropolone Acetate.—-A solution 
of tropolone acetate (0.4 g.), which prepared accord- 
g to Doering’s description’, in liquid ammonia 
40 ml.) was allowed to stand overnight at room 


gave acetamide (50 mg.) of m.p. 80~ 


temperature. The evaporated residue of ammonia 
was dissolved in water, the residual solution was 
cidified with dilute hydrochloric acid, and extracted 

th chloroform (20ml.). The extract, after re- 
th dilute alkali followed by evapora- 





extraction w 
on in vacuo, gave acetamide (50mg.). The 
alkaline extract, after acidification with dilute 
drochloric acid. and after being extracted with 
chloroform and subsequent evaporation of the 
solvent, gave tropolone (0.27 g.). The result similar 
to the above has been recently reported by Sato 
An experiment on ammonolysis of 3-acetylamino- 
tropolone under the same condition ended in the 
recovery of unreacted material. 

Condensation of 3-Aminotropolone (I) and 
Benzaldehydes.--To a solution of I (0.28g.), 


espective benzaldehyde (0.02 mol.) and methanol 
Sml.), was added a solution of sodium hydroxide 
80 mg.) in water (0.5 ml.), and the mixture was 
heated under reflux for 30min. Then the reaction 


mixture was diluted with water (10 ml.), neutralized 
with acetic acid, and extracted with chloroform 
30 ml.). The evaporated residue of the solvent 
vas crystallized from a suitable solvent to give: 
3-Benzylideneaminotropolone (X): yellow leaflets 
chloroform), m. p. 142~143-C, 
Found: N, 6.19. Caled. for Cy,H;;O.N: N, 
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3-p-Chlorobenzylideneaminotropolone (XI): yellow 
prisms (chloroform), m.p. 124~125 C, 

Found: N, 5.68. Caled. for Cis,H;,O.NCI: N, 
5.40 

3-Anisylideneaminotropolone (XII): yellow prisms 
benzene), m. p. 11I0~111-C. 


16) W. von E. Doering and L. H. Knox, J. Am. Chem. 
Soc., 73, 828 (1951). 

) T. Sato, J. Chem. Soc. Japan, Pure Chem. Sec. (Nippon 
Kagaku Zasshi), 89, 1058 (1959). 
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Found: N, 5.34. Caled. for C,;;H;,O;N: N, 
5.49%. 

All of the three reaction products showed red 
coloration with alcoholic ferric chloride and hydro- 
lyzed easily to form the aminotropolone (1) on 
being shaken with water or aqueous alcohol. 

2-p-Nitrophenyloxazolo([5: 4-b|tropone (XIV). 


a) A solution of sodium hydroxide (0.1 g.) in 
water (0.5ml.) was added to a solution of the 
iminotropolone (I, 0.35g.), p-nitrobenzaldehyde 


0.4g.) and methanol (Sml.), and heated under 
reflux for 30 min. The reaction mixture, 
treated as above, afforded the oxazolotropone (XIV, 


0.22 


is yellow needles, m. p. 251~252-C. It did 
not show any coloration with ferric chloride. 

Found: C, 62.69; H, 3.01; N, 10.45. Calcd. for 
Cy.H.O.N2: C, 62.69; H, 3.12; N, 10.51%. Ameo 
my (log <): 265 (4.44), 374 (4.06). 


b A mixture of the aminotropolone (0.14¢ 
p-nitrobenzoyl chloride (0.19g.), and pyridine (4 
ml.) was stirred for one hour at room temperature 
It was then diluted with water (10 ml.) and the 
residual solid was collected. Recrystallization of 


it from nitrobenzene gave the above XIV, m. p. and 
mixed m. p. 251~252°C. 


Benzoylation of 3-Aminotropolone (1).--A solu- 
tion of | (0.14¢ benzoyl chloride (0.14g.) and 
pyridine (2 iml was stirred for 20 min. at room 


temperature, then diluted with water (10 ml.), and 
the residual solid (0.19g.) of m.p. 150~152°C, 
was collected. Its fractional recrystallization from 
a mixture of benzene and methanol afforded 3- 
benzoylaminotropolone benzoate from the less soluble 
portion, and 3-benzoylaminotropolone from _ the 
more soluble portion, 

3-Benzo\ laminotropolone Benzoate pale yellow 
leaflets, m.p. 174°C, which showed no coloration 
with ferric chloride. 

Found: C, 73.29; H, 4.40; N, 4.07. Calcd. for 
C.,;H,;;0,N : C, 73.29; H, 4.38; N, 4.06 

3-Benzoyvlaminotropolone : pale yellow needles, m.p. 
146 C, which showed red coloration with ferric 
chloride. 

Found: C, 69.62; H, 4.72: N, 6.00. Calcd. for 
C,,H;;0;N: C, 69.70; H, 4.59; N, 5.80 

When a mixture of the dibenzoylated compound 
(0.5 g.) and liquid ammonia (60 ml.) was allowed 
to stand for 7 days at room temperature, 3-benzoyl- 
aminotropolone and benzamide were obtained by 


treatment similar to the above description. 


The authors express their gratitude to 
Messrs. K. Kato, S. Ohyama, A. Iwanaga and 
S. Azumi for microanalyses, and to Mr. Y. 
Ikegami for the infrared spectral measurement. 
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Colloid Chemical Studies on Starching Materials. I]. 
Dynamic Viscosity and Dynamic Rigidity of Starch Solutions 


By Masayuki NAKAGAKI” 


(Received August 18, 


In recent years, anomalous flow properties 
of colloidal systems have been investigated 
extensively in the field of rheology, in which 
the flow property is explained by a combina- 
tion of rigidities and viscosities. 
the combination frequently used are so called 
Maxwell’s model and Voigt’s model. Even for 
fluid, it is required to presuppose some rigidity 
element to explain its flow property on the 
basis of these models. The existence of a kind 
of rigidity may be understood by considering 
the fact that the so-called structural viscosity 
of a solution can be explained by assuming a 
kind of yield value, as shown in a_ previous 
paper of this series on dilute solutions of 
polyvinyl alcohol 

In the present paper, starch solutions, also 
known to show structural viscosity, are ex- 
amined by a rheometer to obtain the frequency 
dependencies of dynamic rigidity and dynamic 
viscosity, and an attempt is made to explain 
these by Maxwell’s and Rouse’s model. 


Experimental 


Rheometer.—A_ top-drive coaxial rheometer was 
used. Details of the rheometer were described by 
Nakagawa and Seno». The sample to be studied 
was put in the gap between the coaxial internal 
and external cylinders. The radius of the internal 
cylinder r; was 2.00cm. and that of the external 
cylinder r, was 2.50cm. The depth 7 of the im- 
mersion of the internal cylinder was 15.0cm., which 
was equal to the height of the cylinder. The moment 
of inertia J of the internal cylinder was 3005 g. cm?. 
The internal cylinder was hung by a quenched steel 
wire whose diameter was 1.0 mm., and whose length 
was 92.5cm. The torsional constant of the wire 
determined from the period of the free torsional 
oscillation, k, was 0.90 «10° dyne cm. 

At the top of the wire, a sinusoidal torsional 
oscillation was applied and the oscillation of the 
internal cylinder was recorded on a photographic 
paper as a Lissajous’ figure obtained by combining 
perpendicularly the internal 
cylinder and the oscillation at the top of the wire. 


The Lissajous’ figure thus obtained was an ellipse. 


oscillation of the 


The dynamic viscosity 7 and the dynamic rigidity 
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versity, Sakyo-ku, Kyoto. 
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G are calculated by the equations: 


R l I 

y 4-1 : 47.8x10 R(poises) | 
l 

Gc eh 47.810 K(dyne/cm*) | 
4x1 \) i 


(1) 


where R and K are the quantities to be determined 
experimentally by using the equations: 


R_-ksin oO /wp 
K —-k(cos 6/p—1 lw- 


Here, the lag angle 6 and the amplitude ratio p are 
to be obtained by the analysis of the photographic 
picture, and @ is the angular frequency. The latter 
is defined by 


o=22/T; (3 


where 7; is the period of oscillation. All experi- 
ments were made in a thermostat at 30°C. 

A Check of the Rheometer by Using Distilled 
Water.—Distilled water is an example of so-called 
Newtonian liquid, for which G=0 and K=0. All 
the Lissajous’ figures obtained for distilled water 
by the present rheometer were linear, which give 
sing=0 and R=0. This means that the viscosity 
of distilled water was too small to be detected by 
this apparatus, that is 7=0. Since sing=0 and 


5 


cos 6=1 for distilled water, Eq. 2 can be simplified 


to 


1/p=1— (U1/k)o* (4) 


Therefore the relation between 1/p and w* should 
be expressed by a straight line which intersects 
with the ordinate at 1/p=—1 and has an inclination 
of —0.0333 according to the values of J and k 
given above. In Fig. 1, the experimental values 
are shown by open circles, while the theoretical 
relation give by Eq. 4 is shown by a straight line. 
The agreement is fairly good. Apparent values of 
the rigidity G of distilled water calculated from the 
experimental values of p will give the experimental 
error. The error in the worst case was about 18 
dyne/cm* (for w=11.5). 

Materials and Preparation of 
materials used were potato 


Pastes. — The 
starch, potato 
sharmaceutical grade 
I 


The starch, dried in a desiccator and weighed ac- 


sweet 


starch, and rice starch of 


curately, was put in a flask, water was added, and 
it was heated at 90 C for 30 min. stirring with a glass 
rod inserted through a hole in a rubber stopper 
fitted loosely to the flask. For the heating, the 
temperature of a water bath was raised gradually 
from room temperature to boiling, and kept boiling 
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for 30min. The temperature in the flask was 90°C 
when the bath water was boiling. Then, the flask 
vas placed in cold water for cooling. The paste 
the measurement immediately after 
tfwas cooled, and the measurement was finished in 
the same day. 


vas used for 


Results and Discussion 


The values of the dynamic viscosity 7 and 
the dynamic rigidity G thus obtained are shown 
in the following figures. Fig. 2 is for 3% 
potato;starch paste, Fig. 3 for 5% potato 
starch paste, 


1S 
Fig. 4 is for 5% sweet potato 
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starch paste, and Fig. 5 is for 5% rice sia) 
paste. In these figures, the abscissa is log ™, 


while the ordinate is logy for 
and is logG for closed circles. 

For all these pastes, the dynamic 
decreased and the dynamic rigidity 
with the increase of the frequency. 
well known, the usual viscoelastic be 
havior. 
Maxwell’s four element model is 


By this model the frequency dependence 


open circls 


VISCOS! 


increase 


as 18 


often used 


This 1s, 


To describe the viscoelastic behavior, 


ol 
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P : value on the ordinate and the abscissa, respect- 
4 ively, one should obtain a linear relationship 
and one can determine the value of B and - 
Then, by plotting experimentally obtained 7 
. x and (B -7.G) on the ordinate (these quantities 
A are not necessarily equal with each other 
because of experimental errors and any devia- 
tion from Maxwell’s model), and 1 (1 > 7.°w") 
on the abscissa, one should again obtain 
another linear relationship which gives the 
value of 7, and 7,. The parameter G; is 
obtained from these values on the basis of 
the second equation of Eq. 8. Thus, one 
should be able to determine the values of all 
; the parameters, 7., 7;,G:, G., and zt. However, 
the experimental data seemed not to agree 
/ with Maxwell’s model in the present case, be- 


4 


log 7 or logG 





/ cause two expected linear relationships were 
not exactly satisfied. By trying, however, to 

2 I I draw straight lines to satisfy the experimental 
log w plots as far as possible, the values of the 

" parameters were determined, as shown in lines 
called I in Table I. Calculated values of log 7 
and logG by using these values are shown in 


Figs. 2~- 5 with broken curves. It is seen that 


Fig. 5. 4(©O) and G(@) of 5%. rice starch 


paste. 


the dynamic viscosity and the dynamic rigidity 


4 e these curves partially satisfy the experimental 
are expressed by the equations, : ‘ 


plots but not in the whole range of the 
1 =92/ (1+ t2°w*) + 7% (5) frequency. 

G=G, + Gor.*w’/ (1+ 722”) (6) The second method to determine the para- 
meter values of Maxwell’s four element model 


where, %2, %:, G; and G» are constants, and + 
was used as follows, according to the experi- 


/ 


is also a constant called relaxation time, and 


a teeaia Tees dite: ielliationis ence that most curves in the previous case 
S give \ e relation, 


were already almost horizontal in the larger 


T2=%)2/G (7) and smaller range of logw. Eqs. 5 and 6 show 
An attempt was made to see how well these that 
equations can explain the experimental results biece(20) 2.4% 
In order to find out the values of the para- ‘a ‘ ‘ 
meters, G;, G., 4, 4 and t2, attaching import- 4 (z2w))1) = 7 (9) 
ance equally to both 7 and G, the following G(2-0((1)=G 
procedure was at first used. By using Eqs. 5, 2 . 
6 and 7, Cee) ))=G1 +6 
"=B-—-.G On the basis of these equations, it was assumed 
’ (8) that the experimental values of 7 and G for 
B= s+ 42+ t2G the smallest w are (7, 7) and G,, respectively, 
can be derived. Therefore, if one plots ex- and those for the largest w are 7, and (G,~G,) 
perimental values of 7 and G of the same The values of the parameters thus obtained 


TABLE I PARAMETERS IN MAXWELL’S FOUR ELEMENT MODEI 


(In c.g. s. units 


Starch Concentration No G G y 7 c 
Potato 3% l Pe a 129 120 13.0 0.933 
I] WR =5 83.1 Rif) 10.6 3.685 
Potato 5 | 45 3 60.0 200 135.0 3.33 
II 38.8 66.2 550 8.82 46a 
Sweet potato 5 | 290 287 43.2 3.17 0.150 
II 268 120 411 8.01 3.43 
Rice 5 I 0.32 32.6 30.5 4.60 0.937 
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are cited in line II of Table I. By using these 
values, solid curves in Figs. 2—5 were obtained. 
Comparing these curves with experimental 
plots, it is seen that logy decreases with the 
increase of logw more slowly in experimental 
plots than in Maxwell’s model, and that log G 
increases at greater values of logw in experi- 
mental plots than in Maxwell’s model. More- 
over, it is by no means guaranteed experi- 
mentally that log 7 and log G curves are almost 
horizontal in the larger and smaller ranges of 
log w. 

Considering that these two attempts were 
not successful, it may be concluded that the 
viscoelastic behavior of starch paste can not 
be explained by Maxwell’s four element model. 
Then, Rouse’s model was examined. Rouse 
studied the viscoelastic properties of high 
solution and obtained theoretical 

Neglecting the viscosity of solvent, 
y., because it is far smaller than the viscosity 
of paste, the equations are: 


polymer 
equations. 


‘ 


7 y f: (tw) 


(6/2*) (9 t) fo(tow) 


N ; (11) 
tw’ /( p t | 


> | 

pi 
The values of f; and f2 are given in Rouse’s 
paper. These equations are essentially a modi- 
fication of Maxwell’s theory. On comparing 
these equations with experimental data, it 
turned out to be necessary to introduce a 
constant G, into Eq. I1 to give 

G=G 


(6/z*) (Ho/t) f2(zew) (12) 


Referring the results of the second method of 


Maxwell’s four element model (the line II in 
Table I), the value of 7% should be equal to 
(y7.~-7%,) and G, to G; in to satisfy the 
experimental values for small » values. If it 
is further assumed that the value of c is equal 
of the second method, the dotted curves 
obtained. Values of both 
from Eqs. 10 


all cases greater 


order 


to t 
in Figs. 2—5 are 
log 7 and logG thus calculated 
and 12, 
than experimental values. 


respectively, are in 
If the value of c is 
to be changed to improve the agreement be 
tween the 


mental values, the value of ct should be large 


calculated values and the expert- 


3 P. E. Rouse 
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for logy (to shift the theoretical curves toward 
the left), and smaller for logG (to shift the 
curves to the right). Therefore, Rouse’s 
equation can not explain both logy and logG 
simultaneously by using a common set of %, 
G,, and zr. The other feature of Rouse’s curves 
to be mentioned here is that decreases 
with the increase of log w too slowly and log G 
increases too rapidly, if they are compared 
with the experimental data. This difficulty 
will be removed if one assumes that there are 
large aggregates of polymer molecules with 
large values of 7%, and G. in a paste under 
small frequency and that the aggregates change 
to smaller ones of smaller 7, and Gy» with the 
increase of the frequency. Such an assumption 
of the structural * paste with the 
frequency will be detail in a 
following paper of this series. 


log 7 


change of 
discussed in 


Comparing the values of parameters in the 
line Il of Table I, it is seen that the rigidity 
of sweet potato starch much greater 
than potato starch paste, and both the rigidity 
and viscosity of rice starch paste are smaller 
than those of potato and potato starch 
These are comparisons for 
prepared by heating at 90°C for 30 min. The 
viscoelastic properties of starch 
change by changing the method of preparation, 
so that the above stated results do not exclude 
an expectation that rice paste would 
have larger 7 and G values than potato starch 
paste if the 
temperature for a longer time. 

The authors wish to thank Dr. Tsurutaro 
Nakagawa for his kind advice concerning the 
construction of the rheometer. The authors 
also thank Dainihon Ink Manufacturing Co 
for supporting this project 


paste is 


sweet 
pastes. pastes 


paste would 


starch 


pastes are cooked a 


Summary 


The frequency dependences of dynamic 
viscosity and dynamic rigidity of (3 and) 5 
starch pastes were measured by using a top- 
coaxial rheometer for potato starch, 
sweet potato starch and rice starch at 30°C 
The results were compared with Maxwell's 
element model and _ Rouse’s 
Neither fit the experimental results. A 
tural change of the paste 


drive 


four model 
struc- 
depending on the 


frequency was suggested. 
Faculi of the Si ViC€ 
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Nishi-ku. Os 





320 Kazuo CHITOKU and Keniti HIGASHI [Vol. 34, No. 3 


Dielectric Investigation on Coals. V. Microwave _ Dielectric Constant 


By Kazuo CHITOKU and Keniti HIGAsI 


(Received August 25, 1960) 





Dielectric methods have been applied to the The complex dielectric constant <*=e'—jz'' is 
study of coals during these several years . In given by 
the laboratory of the present writers''*? measure- ag CL Re)? = (72d/22d)? 1) 
é jé - - ( 


ments were made 
plates as well as on 


directly on polished coal 
mixtures of coal powder 
and paraffin-wax, and a frequency range from 
300 c. 50 Mc./sec. was employed. I[n 
contrast to the work by Groenewege et al.’ 
attention the frequency 


sec. to 


special was paid to 


(1/2)? (1 Ag)° 


where 4. and 4, are the cut-off wavelength and the 
wavelength in the air-filled guide, respectively. 2 
is the complex propagation factor of the coal sample 
and d is the thickness of the sample. For deter- 
mining 72d of the sample, the standing wave ratio 


dependence of dielectric constants and losses E. E. and the distance from the sample 
of coals. In the present paper new and more 
complete information will be given which was TABLE I. MICROWAVE DIELECTRIC CONSTANT OF 
obtained by use of a wider frequency range COAL MIXTURE ESTIMATED BY THE METHOD 
including a microwave measurement at 4.28 cm. OF DAKIN AND WORKS 
wavelength. Representative coals were kindly Distestsic eousian 
selected and provided for this measurement by No. Specimen Thickness aa 
‘ - ry S oO ) (Open yvarues 
Dr. H. Honda, Resources Research Institute of hort pe taken) 
Japan 1 Taithei 0.41 2.845 2.840 
1.40 2.87 2.85 2.86 
Experimental Appare : Metho i i 
i t pparatus and Method + Ceseion 0.40 315 2 95 
The dielectric measurement at the microwave fre- 1.40 2.946 2.84 2.89 
quency of 7000 Mc. ‘sec. was made by use of the 3 Nakavgo-kaso 0.415 7 357 7.85 
? } t « ovr Net 1 | r » ly, 4 re > r a: 
transmission 1 ethod de eloped by von Hippel and 1.415 2.908 > 80? > 86 
others The block diagram of the apparatus is 
hown in Fig 4 Nakago 0.410 2.837 2.789 
0.310 2.884 2.854 2.81 
: 5 Kasima 0.415 2.620 2.688 
0.910 2.726 2.692 
- 1.305 2.692 2.653 2.67 
. : 6 Pocahontas 0.40 2.926 2.720 
nang « USA 1.40 2.887 2.683 2.79 
7 Hutago 0.40 2.908 2.695 
Fig. 1. Block diagram of the apparatus for 1.40 2.690 2.670 2.68 
C ! iele ic constant and loss at . a 
7000 M ‘ Yubari ).40 2.923 2.700 
pias 0.82 2.763 2.622 
i. Miyasita, R. Miura and K. Higasi, This Bulle 1.40 2.680 2.365 2.69 
28, 14 I. Miyasita and K. Higasi, ibid., 30, 513 : 
Ss ¢ lL > ( 5) R | , 
195 ¢) K. H I. Miyasita and Y. Ozawa, ibid ), ) Hasima ).405 02 - .660 
$46 (1957), d) 1. M ta, K. Higasi and M. Kugo, ibid., 0.305 2.940 2.422 5 ie 
1) 50 (1957 >) K. Higasi, Y. Higasi and I. Miyasita, , ~ 
ibid., 30, 556 (1957); f) K. Higasi, Kagaku, 27. 148 (1957): 10) Kamati 0.92 2.800 2.765 
g. K. Higa ind Y. Higasi, ibid., 27, 630 (1957). 1.40 2.812 > 765 2.79 
> ») I. Mivasita, Bull. Res. Inst ippl. Elec. Hok lo 
t ) Aen jo Iho), 5, 123 (1953): b) I. Mivasita 11 Yatake 0.40 2.930 2.700 
d., 6, Li 954); ¢) I. Miyasita, ibid., 7, 17 (1955); d) I 1A > 7 72 > 77 
Miyasita, ibid., 9, 122 (1957) 40 96 2 8 3 
3) M. P. Groenewege, J. Schuver ind D. W van 12 Onuki 0.405 2.910 + .735 
Krevelen, / }, 34, 339 (1955 - - " » 94 » 9 
4) D.W in Krevelen and J. Schuyer, “Coal Science”’ I 10 2.854 2.730 = ) 
Elsevier Publ. Co... Amsterdam (1957) ) : e » 95 > ne 
arath 0.415 230 85 
S. Roberts and A. R. von Hippel, J. Appl. P 17, Paraffin = eee 
610 (194¢ 0.320 2.302 2.248 2.26 
6) A. R on Hippel, ** Dielectrics and Waves”, John 
Wile ind § New York, N. Y., (1954); A. R on 
Hippel Dielectric Materials and Applications”, John 7 T. W. Dakin and C. N. Works. J. Appl. P 18 


Wiley and Sons, New York, N. Y., (1954). 


») 
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TABLE II. CHEMICAL ANALYSIS OF COAI 


No. Specimen Moisture Ash 
l Taihei 12.86 5.84 
2 Tempoku 12.80 1.52Z 
3 Nakago-kaso 11.19 4.75 
4 Nakago 13.32 3.96 
5 Kasima 4.11 5.02 
.  —— 2.09 2.59 
7 Hutago 1.54 2.31 
8 Yubari 1.13 2.67 
9 Hasima 1.24 2.09 
10 Kamati 1.05 2.47 
1] Yatake 1.11 2.74 
12 Onuki 1.68 1.80 
boundary to the position E were measured 
The ambiguity in finding 72d can be avoided by 


irrying out both open and short circuit measure- 
ments by the standard method. Further, as the 
imples treated here had low dielectric losses the 
simplification due to Dakin and Works» could 


e introduced into the calculation. Values of ¢ 

obtained independently in this manner by open and 
ort circuit methods were compared with each 

other (see Table 1). A weighted mean value is 
ken for each sample. 

The sample material which was made of coal 
powder and paraffin-wax was prepared in the form 

ing the exact dimension required by the size of 
he wave guide, the possible error being +0.05mm. 
see Fig. 1). 

The measurement at the frequency range between 
1~20 kc. /sec. was made by a low frequency bridge 
Yokogawa BV-z-103) (see Ref. 2 for further in- 
ormation. For the frequency range between 1~50 
Mc./sec. a Q-meter (Yokogawa CA-102) was used. 
In order to compare the values of dielectric constants 
obtained by three different apparatuses, the absolute 
determination of dielectric constants becomes neces- 
sary. For this purpose, standard reference materials 
of dielectric constants provided by the Government 
Electrotechnical Laboratory, Tokyo, were measured 


! { 1 * 1) , ri) 
ises described above and compared 


th the appara 
with the results on coals. The maximum error in 
e dielectric constant is believed to be 5 and 


reliability in values of dielectric losses are somewhat 
lower but the latter are not so important in the 


Interpretation as dielectric constants. All the meas- 


urements were carried out at room temperature. 


Experimental Materials 


All the coal specimens examined in these experi- 
nts were kindly provided by Dr. H. Honda, 
The chemical 


Resources Research Institute, Japan 
inalyses of the samples are given in Table Il. The 
Yaramagnetic susceptibility has been examined 


the present writers for the following specimens 


8) H. Honda, K. Chitoku, Y. Yokozawa and K. Higasi, 
This Bulletin, 31, 891 (1958). 


Dry-ash-free basis 


C% H O N S 
65.10 4.93 28.43 0.93 0.62 
70.37 4.74 23.79 1.10 0 
70.92 4.65 23.59 0.73 0.11 
74.33 5.26 19.29 0.95 0.17 
77.94 6.07 12.62 0.65 a 
82.79 6.02 8.86 2.01 0.32 
83.16 6.31 8.81 1.56 0.16 
84.85 6.16 7.20 1.78 0.01 
86.59 5.56 6.48 io. 0.15 
89.47 4.61 3.43 1.84 0.65 
89.55 4.86 3.07 1.88 0.64 
91.16 3.97 2.56 1.78 0.53 


No. 4, 0.40; No. 8, 0.28; No. 11, 1.23; No. 12, 
3.90 10-°c. g.s. electromagnetic units per gram 

On account of its exceptionally high dielectric 
constant, water is the greatest cause of error in the 
dielectric measurement. Great care was taken to 
eliminate any traces of moisture contained in the 
samples. The coal samples were reduced into 
powder form below 200 mesh and strongly dried by 
heating at 105 C and reduced pressure of 10 
mmHg for 30hr. 

About 26g. of dried powder of coal thus obtained 
was mixed with 20g. of melted paraffin-wax, cooled 
in a mold and cut carefully into a shape suitable 
for the measurement. The volume percent of coal 
in the mixture was estimated for each sample by 
measuring the densities of coal and paraffin-wax. 
The properties of solid paraffin-wax used are: 
density 0.914/24-C, m.p. 58.5~60°C, dielectric 
constant 2.29 1 Mc., 2.26/7000 Mc. and tanod 0.000 
1 kc.~7000 Me. 


Results 


Dielectric constants ¢’ and tand obtained 
for the coal mixture are recorded in Table III. 
In order to determine the value of the di- 
electric constant of a coal from that of a mix- 
ture, Bottcher’s equation was employed, in 
Which ¢<’, ¢;' and ¢.’ are the dielectric constant 


’ ’ ’ 


= : ; (2) 
32! : 2<! 


of the mixture, the paraffin-wax and coal 
particles, respectively and wv, is the volume 
fraction of the coal particie in the mixture. 
The value ¢,’ for each specimen of coal thus 


obtained is shown in parentheses below that 
for the mixture. 


) ¢ J. F. Bottcher, R tra » 64, 47 (1945) ( 
J. F. Bottcher, The Theory of Electric Polarisation 
Else r, Amsterdam (1952), p. 417 


10 Y. Zyomoto, J. Fuel Sox Japan VenryoK yokaishi 
37, 248 (1958 
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TABLE If. Dit&LectrrRic CONSTANTS (¢ AND 

MEASURED AT FREQUENCIES | ke. 

CONSTANTS OF 
No. Vol. “ 
(Speci- of I ke. 3 ke. 10 ke. 
men) coal 

€ ey 3.97 3.19 

l 40.1 go’ (4.75) (4.75 (4.82) 
tan % 238 169 113 

€ 3.26 3.21 3.21 

2 49.0 Es (4.45 (4.32 4.32) 
tan J 91 67 58 

€ 3.21 3.23 piace 

3 46.0 Eo’ (4.48) (4.53) 4.51) 
tan J 64 72 61 

E 3.09 3.10 3.09 

4 48.0 B (4.07) (4.09) (4.07) 
tan’ 83 64 50 

2.89 2.89 2.89 

5 47.4 : (3.59) (3.59) (3.59) 
tan J 32 58 55 

E 2.87 2.87 281 

6 48.4 E (3.52 (3.32 3.38) 
tan 229 143 138 

> RS + 7 > 79 

7 50.4 : (3.42 (3.29 (3.29 
tan // 106 65 43 

5» 4 5 39 > Ie 

8 49.6 (3.26 3.26 3.276 
tan 9 68 10 26 

é 2.84 2.84 2.84 

9 49.5 € (3.42) (3.42) (3.42 
tan J 66 75 81 

€ 2.83 3.87 2.89 

10 47.2 (3.45) (3.35 (3.60 
tan 7 67 120 46 

2.85 2.86 2.86 

11 45.9 E (3.54 (3.57 3,57 
tan J 152 68 72 

E 3.19 3.05 3.05 

12 40.0 E (4.83 (4.37 (4.37) 
tan 9 886 563 311 

Paraffin c 2.34 2.34 2.34 
a) Values of ¢; used in calculating <. by 
Dielectric Constant and Oxygen Content. 


Dielectric constants obtained at I ke. sec. and 
7000 Me. sec. are plotted against oxygen content 
(Fig. 2). Intermediate 
constants lie between the two curves. 


sharply 


frequency dielectric 

Dielectric constants decrease at first 
but increase regularly with increase in oxygen 
content after reaching a minimum at about 
8°>. From functional group 
it has been found that the amounts of hydroxyl 


analysis of coal 


11 M. Ihnatowicz, Prace Glownego Inst. Gornictwa (Kato 
wice) Komun., 125 (1952 L. Blom, L. Edelhausen and D 
W. van Krevelen. Fuel, 36, 135 (1957) cited by Ref. 3, p 


217 


20 ke 1 Me. 3 Mc 50 Mc. 7000 Mc 
3.19 3.06 3.03 3.01 2.86 
(4.82) (4.51) (4.44) (4.38) (3.95 
83 92 101 108 142 
3.21 3.19 3.18 3.14 2.89 
(4.32 (4.35) (4.34) (4.24) (3.66) 
72 72 84 127 158 
5.22 ee 3.10 3.08 2.86 
(4.51 (4.33 (4.29 (4.24) (3.69) 
49 68 76 95 134 
3.05 3.10 3.09 3.08 2.81 
(3.97 (4.17 (4.16) (4.14 (3.50) 
61 52 53 67 99 
2.89 a 5 2.78 a | 2.67 
(3.59 (3.40 (3.42 (3.39 (3.18 
40 39 37 50 92 
2.81 2.81 2.81 2.79 2.79 
3.38 (3.45 (3.46 (3.41 (3.44 
97 44 4] 48 70 
2.79 2.79 2.79 2.78 2.68 
(3.29 (3.33 3.36 (3.34 (3.14 
47 22 25 31 59 
5 99 7.76 ?.76 2.76 2.69 
3.26 (3.30 3.31 7.20 3.18 
22 17 19 16 51 
5 4 . 39 » 9 + 29 7 7 
(3.42 (3.32 (3.34) (3.34 (3.27) 
65 25 21 33 75 
2.89 2.81 2.81 2.80 2.79 
3.60 (3.48) (3.49 (3.47 3.47 
23 19 21 21 25 
> 86 > 94 > Q3 7 99 > 39 
3.57 (3.59 (3.58 3. 5¢ (3.46 
48 21 18 13 2¢ 
3.05 2.89 2.89 2.87 2.79 
4.37 3.98 (4.00 3.94 (3.73 
19? 60 37 >| 40 
+ 24 59 “— 7 90 7% 


groups, carboxyl groups, c 


methoxyl 


groups 


inerease 


arbony] 


with 


oxygen Cc 


groups anc 


on- 


tent Among them, the hydroxyl group 1s 
regarded as the most important®. From the 
infrared analysis, the absorption band at 3.0 4 


is ascribed to the existence of associated OH 


and NH bonds One might infer from these 

\ private communicatior D 

H. H | analysis give t foll t 

N I ». 23.79 Oon: 10.3 Ovn 0.4 

No. 6. I t O, 8.36 Ox 2.4 Ov 0.5 

N & Yubari: O. 7.20 Oon. 9 Oo 0.9 N 

10. K O. 3.43 oO 0 oO ( 

12 ¢ G. Cannon and G. B. B. Sutherlar / 

Fa s 41, 279 (1945 i others; see R 1 
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Fig. 2. Dielectric constants of coals (<,') at 


frequencies 1 kc./sec. and 7000 Mc. /sec. and 
oxygen content (dry-ash-free basis) 


Ike @ 7000 Me. 


pieces of evidence that polar groups which are 
closely associated with the oxygen content are 
mainly responsible for the dielectric constant 
of coal contaiming more than 10% oxygen. 
This seems parallelled by the fact that dielectric 
constants of polymers increase with the amount 
of polar groups contained in them . Indeed, 
coals generally speaking are a sort of high- 
polymers having some polar groups. 

Dielectric Constant and Carbon Content. 
Dielectric constants obtained at three frequen- 
cies, 1Ikc./sec., 1 Mc./sec. and 7000 Mc./sec. 
are plotted against carbon content (Fig. 3). 
For the sake of comparison, optical dielectric 
constants as defined by the refractive index n 
and the absorption index k for visible light 
of the wavelength 5460 A. 


€. =n’ (1—k?) (3) 


ire plotted as dotted lines in the same graph. 
The optical measurement is due to Huntjens 
and van Krevelen'. There are available 
other optical measurements’, but they are 
not recorded here in order to prevent the figure 
from becoming overcrowded with points. 
From a glance at Fig. 3, it will be seen that 
in the region C 85~89% all the dielectric 
constants, at audio, radio and microwave fre- 
quencies converge so that they become almost 
identical to each other. The plotted curve for 


R. M. Fuoss. J. Am. Chem. Soc., 63, 369 (1941 
14) C. P. Smyth Dielectric Behavior and Structure’ 
McGraw-Hill Book Co., Inc... New York, N. Y., 1955 
15) F. J. Huntiens and D. W. van Krevelen, Fuel, 33, 88 
1954) 
16) D. G. Murchison, Brennstoff Chem., 39, 47 (1958); S 
R. Broadbent and A. J. Shaw. Fuel, 34, 385 (1955 
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optical dielectric constants lies between these 
three curves. This is probably anomalous, but 
it must be remembered that optical dielectric 
constants were obtained for coals of different 
origins**. It may be reasonable to assume 
that microwave values in this region are almost 
identical with the optical dielectric constant. 

With the decrease in carbon content (less 
than 80%) the difference between the optical 
and the microwave dielectric constants becomes 
significant. It was unexpected that there 
should be such a large difference between 
these values in this region. If this difference 
is due to the rotation of polar groups, these 
groups must have a small size One might 
infer from this that the perticular polar groups 
responsible for this phenomenon are hydroxy] 
groups Situated at the periphery of the aromatic 
system, because the internal rotation of non- 
associated OH groups around the C-O axis 
will be least sterically hindered 

Fischer found that diphenyl! ether has an 


anomalously small relaxation time Recently 


In fact, Broadbent and Sha gave smalier optic 
dielectric constants than var Kreveler 


17 E. Fischer. 7. Elekt 
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an explanation has been given for this ob- TABLE IV. DIPOLE MOMENTS OF COALS (ft) FOR 
servation as arising from the internal rotation THE MOLECULAR VOLUME (M/d=2000) 
of the two benzene rings around C-O axes’. No. Specimen C% e'/1ke. tee , D 
Coal is sometimes considered as built up of | Taihei 65.10 4.75 2.85 41 
aromatic ring complexes linked through oxygen 2 Tempoku 70.37 4.45 2.90 3.8 
or non-aromatic bridges containing oxygen + thts Sean 4.48 > 9] 3.8 
atoms Possibly these units might provide 4 akan 74.33 4.07 2.96 3.3 
certain contributions to the microwave dielec- ‘ eto 77.94 3.59 3.05 74 
tric constant, if a particular type of internal + Mice - ; 
rotation is to eccur. But roughly speaking the (USA) 82.79 5.52 3.20 1.8 
hydroxy! group will be mainly responsible for . Sietess 83.16 3.42 3.2] 1.5 
eek eect 8 Yubari 84.85 3.26 3.28 0 

It would be a matter of speculation to esti- S Minetens 86.59 3.42 3% ~0 
mate dipole moments for coals. However, if 10 Kamati 89.47 3 45 3.53 0 
coal may be regarded as a supercooled liquid”, 13 Wetnke gg 55 3.54 354 0 
the Onsager equation for liquids may be used 12 Onuki 91.16 4.83 3.68 


for this Further, on account of 
the low dielectric constant, the Debye equation 
will give practically the same moment values 
the Onsager equation It can be shown that 
the dipole moment / for the unit having the 


purpose 


molecular volume M/d is 
; Vl 
“-A (é fin) (4) 
d 
where A tor Debye equation is 
27kT 
{ Re , (5) 
42 Ni 2)(s ?) 


in which & is Boltzman constant, Nis Avogadro 


constant and T is the absolute temperature. 


Further, room temperature, T 298°C 
0.147 x 10 Del 
edve 
(¢ 2460+ 2) . 


In similar way it can be shown that 
0.147 x 10 


(2 e.'+ €.) 
1 ae, Onsager 


There exist no reliable data for the molecu- 


| According to van Krevelen 


lar weight of coal. 


and Schuyer? the average molecular weight is 
in the vicinity of 2500. We shall assume an 
arbitrary molecular volume M d-—-2000 for 
the purposes of the present calculation. For 


coal with a density of 1.3, this 


gives a molecular weight of 2600. 


assumption 
Regarding tl constant ¢ 


) dielectric 
in Eq. | we shall use values obtained at fre- 


e static 
Optical dielectric constants ¢, 
Krevelen’s 
somewhat 
than those of the coals considered here ; 
the estimated moment 
smaller than the 


-+ - t ' 
Further, the 


quency of Ike 
are calculated by Eq. 3 using van 


data, which are supposed to be 
higher 
dipole is consequently 
actual moment. 


Debye equation 


slightly 


{ value for the 
K. Higasi and C. P. Smyth, t be ublished in J 


19 S. G. Ward, J. last. F /, 21, 80 (1947); cited in Ref 


will be used in the calculation of the moment. 
The result is shown in Table IV. 

As an example we shall consider a dipole 
moment 3.8D obtained for specimen No. 2 
Tempoku brown coal. If this magnitude of 
moment arises only from OH groups which 
have complete freedom of rotation around C-O 
axis, the number of OH groups in a 
2000 cc. will be estimated by 


volume 


ue n:/ou (6) 


47 are Moments observed and 
Putting 
we obtain n= 5.9; 


capable of 


where /# and 
that of the OH group respectively. 
" 3.8 D and “on = 1.56 D 
there are about 6 OH 
rotation. 

On the other functional 
reveals that this particular coal 
a hydroxyl 


groups 
hand, analysis 
specimen has 
(phenolic) 


In molecular 


percentage of 10.3 

volume M/d=-2000 (d=1.41), 
this gives 291 g. oxygen, that is 18 OH groups. 
Therefore, one may conclude that about one- 
third of the total OH groups can rotate [reel 
The hydroxyl percentage chemically determined 
does not represented the amount of OH group 
actually existing in coal. There is no strong 
supposing that a certain fraction 
of OH groups has complete freedom of rotation 
while another fraction has not and that other 
polar groups can not make a contribution to di- 
electric constant. In fact, the estimation of 
the dipole moment described above and _ its 
related discussion has only qualitative 


reason for 


signifi- 
cance. 


Summary 


1. Using the transmission method, resonance 
method and bridge method, dielectric constants 


20) Y.Kurita and M. Kubo, This Bulletin, 27, 364 (1954 
This ot of OH group moment itself but 
the component of the phenolic OH moment perpendicular 
to the C-O axis 


ine moment 
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and losses are measured on paraffin-wax mixtures 
of twelve specimens of coal ranging from C 
65 to 92%. 

2. Dielectric constants of coals are estimated 
for these coals by means of Béttcher’s equation. 

3. The relation between dielectric constant 
and oxygen content is discussed and it is shown 
that polar groups contribute to dielectric 
constant. 

4. From the comparison with optical di- 
electric constant, the motion of dipoles in 
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coals in the electric field can be discussed. 
Rough estimates of dipole moments are also 
given. 


The present writers wish to thank Dr. H. 
Honda for his cooperation in this work and also 
Dr. H. Baba for his assistance in performing the 
calculation of microwave dielectric constants. 
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Polarographic Behavior of Vanadium and Iron in Thiocyanate 


By G. S. DESHMUKH and J. P. SRIVASTAVA 


(Received June 13, 1960 


Thiocyanate has been used extensively as a 
complexing agent for a number of cations. 
Meite’s observation that iron (III) is reduced 
in a medium composed of 0.7M KCNS, 0.02 mM 
sulfuric acid and 0.004% gelatin with a _ half- 
wave potential >0.0 volt is contradicted by 
the data of the “Polarographic spectra” 
giving E,;2 vs. S.C. E. as 0.2 volt. The 
condition for the latter observation has not 
been defined. 

Direct estimation of VO’* based on the 
catalytic action of the ion on potassium chlorate 
and potassium iodide reaction has been devel- 
oped recently by Shiokawa*. Polarographic 
characteristics of vanadyl ion showed that it 
is reducible or oxidizable depending on the 
nature of the complex formed with the 
supporting electrolyte”. Syrokomskii and 
Nazareva®? devised a new type of coulometer 
to effect anodic oxidation of VO** to VO 
which is titrable with Mohr’s salt solution. 

Preliminary investigations showed that thio- 
cyanate in presence of mineral acids is capable 
of reducing vanadium(V) to lower valency 
states. Vanadium(V) and thiocyanate solution 
when mixed together developed the green 
coloration characteristics of trivalent vanadium 
ion, which on raising the acidity of the solution 


1) L. Meites, *“* Polarographic Technique ”’, Interscience 
Publishers, New York, N. Y. (1955), p. 269. 

2) L. Meites, loc. cit Front and back lining papers. 

3 IT. Shiokawa, J. Chem. Soc. Japan, Pure Chem. Sec 


Ni m Kagaku Zasshi), 70, 418 (1950). 
I. M. Kolthoff and J. J. Lingane, ‘* Polarography ”’ 
Vol. II, Interscience Publishers, New York, N. Y. (1952), 
p. 44 


5) V.S. Syrokomskii and T. I. Nazareva, Zhur. Anal. 
Khim., 6, 15 (1951). 


turned blue. The intermediate green state was 
initially mistaken to be vanadium green, corre- 
sponding to molybdenum blue, and was found 
to be very stable even on prolonged exposure 
to air. Spectrophotometric studies revealed 
that it is only the mixture of vanadium(V) 
and vanadium(IV). This conclusion was further 
confirmed when the green solution was shaken 
with isobutyl alcohol. The solution separated 
into two layers; the yellow aqueous laver and 
blue tetravalent vanadium in the organic layer. 

The present communication reports in detail 
a study of polarographic behavior of vana- 
dium (1V)thus obtained and iron(II]) in potas- 
sium thiocyanate. Appropriate conditions for 
the simultaneous determination of the two 
elements in presence of each other have also 


been described. 


Experimental 


Leeds and Northrup Electrochemograph Type FE 
was used for recording the polarograms in conjunc- 
tion with an external saturated calomel reference 
electrode connected through an =  agar-potassium 
chloride bridge to the electrolysis cell. The tem- 
perature was maintained throughout at 25 .0.1°C. 
A Beckman zeromatic pH meter was used for! 
measuring the pH of the solutions. The dropping 
mercury electrode had nr/'t ilue of 2.414 
mg-/*/sec'/> with open circuit. 

Vanadyl sulfate solution was prepared by 
dissolving the reagent grade vanadium pentoxide 
in dilute sulfuric acid and reducing it by sulfur 
dioxide. Excess of sulfur dioxide was boiled off 
and the solution standardized against potassium 
permanganate. Iron solution was Obtained by 


y 


il 








dissolving a weighed quantity of ** A. R. ferric 


ammonium sulfate ~* in distilled water. This was 








326 G. S. 


also standardized against potassium permanganate. 


All other chemicals used were of reagent grade. 


Results and Discussion 


Characteristics of Polarographic Waves. A 
number of vanadium(IV) and iron(II) polaro- 
different pH values. 


grams were recorded at 

It was observed that vanadium(IV) gets reduced 
at and below pH~3. The two reduction 
stages of vanadium(IV) are well developed 


solution was below 2.0 
acidity 
first 
wave 


when the pH of the 
but above 1.5. Further increase in 
shifted the half-wave potentials of the 
wave towards positive potentials. The 
was completely obliterated below a pH of 0.5. 
In less acidic solutions (between pH 2.0~3.5), 
the first wave was drawn out and ill 
Iron polarograms also were well defined below 
pH 3.0 but the E (E 0.17 volt vs. S.C. 


defined. 
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0.005% gelatin at pH 1) was not much affected 
by the pH of the solution (cf. Table I). 
Thiocyanate concentration had considerable 
effect on the half-wave potential of vanadium. 
While the first wave was shifted towards 
negative potentials with increasing thiocyanate 
concentration, the E of the second wave 
moved to more positive potentials. The 
polarograms of iron were also shifted towards 
negative potentials by the increased concentra- 
tions of the supporting electrolyte. The shift 
in both the cases i. e., the first wave of vana- 
dium and the polarograms of iron, towards 
negative potentials with the increasing thiocy- 
anate concentrations may possibly be attributed 
to the superimposition of the anodic wave of 
thiocyanate. During the course of experiments 
it was further observed that the half-wave 
potential of the iron wave was dependent not 


only on the thiocyanate concentrations but 





E. in 1.0M potassium thiocyanate containing also on the iron and_ thiocyanate ratio. 
1 Lt " Conjugating it with the previous observation 
ABLI ° FFECT r Pp ON VAN YIUN . > 
wih ; a that the E of iron polarograms remain 
a ee unaffected by the pH of the solution, it may 
E of vanadium 
, - polarograms, volt F of iron , 
een —— “ac. 2 polarograms TABLE II. EreECT OF SUPPORTING ELECTROLYTE’S 
oO yun : ee gee 4 
7 volt vs.S.C.E. CONCENTRATION ON VANADIUM AND 
1 + ‘ ‘ . , > 
Ist wave 2nd wave IRON POLAROGRAMS 
| 0.5 0.20 0.57 0.20 F : ' 
2 0.8 0.21 0.57 0.18 jz Of Vaneehem £2 of ison 
= — oo Thiocya- polarograms, volt polaro 
3 1. 0.23 0.56 0.18 ae ate : 2. &. €. el 
3 hae 3 ). 0.18 “ie nate con “4. 3. <. 8 grams, volt 
4 1.3 0.25 0.56 0.18 centration vs. S.C.E 
A : is M Ist wave 2nd wave ase 
5 ie. 0.2 0.5 0.18 . i 
a 5.0 0.30 0.49 0.31 
a 1.8 0.30 0.57 0.17 : 
" m ‘ sien 2 3.75 0.28 0.51 0.29 
2.0 0.32 0.5 3 )%6 
: ‘ - 3 2.50 0.24 0.5 0.2 
‘ 2.5 Not detined 0.5 : > 0.5 0.20 
25 ( 5 56 —Q.2 
) 3.0 Not reduci- 0.57 0.17 _ op “ 5 
ble 5 1.00 0.25 0.56 0.17 
10 3.6 Not reduci- 6 0.50 0.57 0.15 
ble v 0.25 Washed off 0.58 0.15 
c. 25.0 
= 20.0 
s . ee,” 
2 15.0 \ 
. 10.0 i 
2 5.0 bn \ 
~ 0.2 eis 
v / 0.3 04 05 06 0.7 08 09 1.011 1.009 05 0.706 05 04 030.2\ 


Bids. VS. & ©. &., 


rae. i. 
Temperature 25+0.1°C 
Drop time 3.33 sec. 
Gelatin concn. 0.005 

Waves 
A 0.0 
B 2.3 


Direct and reverse vanadium 


Zero line E\/2 


volts 


(2.19 mM) polarograms 
Recorder damping 2.0 
Recorder range 50 A 
pH of solution 1.6 


of Ist wave E\/2 of 2nd wave 
Blank 
0.21 0.537 
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be concluded that over the pH range studied 
a series of iron thiocyanate complexes are 
formed depending on the iron: thiocyanate 
ratio. Shifting of the second wave of vanadium 
towards more positive potentials with increasing 
thiocyanate concentrations suggest that the 
V(II)-NCS complex apparently has a lower 
dissociation constant than the V(III)-NCS 
complex (cf. Table II). 

A study of the typical polarogram and its 
log plot shows that the vanadium waves are 
reversible (Fig. 1). The polarogram was 
obtained with a mixture of 2.19m™M vanadyl 
sulfate and 1.0M potassium thiocyanate and 


0.005% gelatin as maximum suppressor. In 
agreement with the general equation 
: r 0.059 i 
Ey E log z P 
n ia—i 
oaas i 
the plot of E vs. log —>—>— IS a straight 
lq l 
line. The slope of 0.07 volt for the second 
wave suggests one electron transfer in reduc- 
tion. As both the waves of vanadium have 


the same height, it was concluded that vana- 
dium gets reduced first to vanadium(III) and 
finally to vanadium(1]). 

Iron polarograms exhibit only one reduction 
tage, and thus suggest the possibility of only 
for iron reduction 


one electron change. E 
could not be assigned due to its dependence 
both on iron as well as on thiocyanate con- 
centration but under the most restricted 
conditions of 2.00mmM iron and 1.0Mm thiocya- 
nate with 0.005%. gelatin as maximum suppres- 
sor the E,;, observed was --0.17 volt vs. S.C. E. 

The average E,,. for 2.19m™M vanadyl! sulfate 
in 10M potassium thiocyanate and 0.005’ 
gelatin aS maximum suppressor at pH 1.5 was 
found to be -—0.21 volt, and to be —0.54 volt 
for the first and second wave respectively. 

Under the conditions defined, a series of 
vanadium(IV) polarograms were run to plot 
the calibration curve. All the wave heights 
for the first wave were read from the plots at 

0.45 volt and the corresponding values for 
the residual current were deducted to obtain 
the ig for vanadium(IV) alone. The wave 
heights for the second stage reduction were 
calculated by extrapolating the plateau of the 
two waves. 

The values of J obtained for different 
concentrations (cf. Table II]) show that the 
reduction for both the waves are diffusion 
controlled. A linear concentration-current 
relationship is also followed by iron polaro- 
grams. The wave heights for iron polarograms 
were obtained by taking the difference of the 
actual and residual wave height at the same 
potential i. e., at —0.45 volt. 
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TABLE HII. DiFFUSION CURRENT CONSTANT 
FOR VANADIUM POLAROGRAMS 


I(1=ia/em t'/°) of 


Concentration ‘ 
vanadium waves 


Solution . 
; of vanadium 


No. 


_ Ist wave 2nd wave 
l 0.438 1.43 1.65 
2 0.876 1.42 1.65 
3 1.09 1.42 1.65 
4 1.31 1.42 1.65 
5 Lv 1.42 1.66 
6 2.19 1.42 1.65 
7 2.62 1.42 1.65 
8 3.5 1.42 1.66 
) 3.94 1.42 1.65 
10 4.38 1.42 1.65 


The effect of different cations on vanadium 
polarograms was also studied. Cobalt and 
manganese do not interfere with the polarogram. 
Nickel and chromium(II]) develop their own 
waves at more negative potentials but the 
diffusion current plateau for vanadium is not 
appreciably distorted. The presence of molyb- 
denum(VI) and tungsten(VI) is detrimental 
as these ions deteriorate the vanadium waves, 
thus making the measurement of diffusion 
current practically impossible. Cupric ion has 
a typical effect of shifting the vanadium waves 
to more negative potentials. This results in 
the formation of only one wave which is 
probably the resultant of the waves comprising 
the wave heights due to Cu and both the 
vanadium waves. The presence of nitrates, 
chlorides, bisulfates and ammonium ions has 
no effect on vanadium polarograms. None of 
these above mentioned ions except molybdenum 
and tungsten affect the iron polarograms. 
Molybdenum and tungsten completely distort 
the wave. 

Recommended Procedure of Analysis. The 
appropriate amount of unknown solution to 
give a final vanadium concentration above 
0.4mM and iron concentration above 0.5mm 
is mixed with potassium thiocyanate. The 
overall potassium thiocyanate concentration is 
maintained at 1.0m. The acidity of the solution 
is adjusted to pH 1.5 with hydrochloric acid 
and the mixture allowed to stand for 15 min. 
During this period vanadium(V) gets reduced 
to vanadium(IV). The appearance of violet 
color (being a mixture of blue due to 
vanadium(IV) and blood-red due to iron(II) 
thiocyanate) indicates the completion of the 
reduction. This solution when polarographed 
exhibits a two-step reduction, the first being 
the composite wave due to the reductions of 
iron(IIl) to iron(II) and vanadium(IV) to 
vanadium(III), and the second one being due 
to the degradation of vanadium(III) to vana- 
dium(IIl). In order to derive the vanadium 
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content of the solution, the wave height of 
the second stage reduction is measured by 
extrapolating the plateaus and reading it from 
the calibration curve. 

On subtracting the height of the first wave 
of vanadium as read from the calibration curve 
for the corresponding value of vanadium 
obtained previously, from that of the composite 


wave (the polarogram of the mixed tron and 
vanadium solution), the contribution due to 
iron alone is calculated. In the procedure 
TABLE IV. SIMULTANEOUS DETERMINATION 
OF IRON AND VANADIUM 
Seiution Vanadi- Vanadi- Iron Iron 1 e- 
No um added um recov- added, covered 
mM ered, mM mM mM 
| 0.438 0.438 0.4 0.42 
2 0.87 0.87 0.8 0.8 
3 1.31 1.33 - bes 
4 1.75 1.79 1.6 1.6 
5 2.19 5 2.0 2.0 
6 2.62 2.66 a 2.4 
7 3.16 3.16 2.8 2.82 
8 3.50 3.50 5 3.18 
y 3.94 4.10 3.6 3.6 
10 4.38 4.42 4.01 4.01 
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adopted, wave heights of iron and vanadium 
polarograms are appreciable, only if the con- 
centrations of corresponding elements are above 
the prescribed limit, i. e., 0.5mm and 0.4mm 
respectively. 

Values obtained by the above procedure are 
reported in Table IV. It may be seen that the 
results are within the limits of experimental 
error. The method provides a convenient 
procedure for the simultaneous determination 
of iron and vanadium contents and may 
suitably be adopted to the analysis of vanadium 
steels provided copper(II), molybdenum(V1I), 
and tangsten(VI) are sequestered. 


The authors wish to express their sincere 
thanks to Professor S. S. Joshi for his advice 
and to Dr. G. B. Singh, Head of the Chemistry 
Department, for facilities during the course of 
this study. The financial aid by the Government 
of India to one of us (J. P.S.) is also gratefully 
acknowledged. 
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The Thermal Decomposition of Dimethyl Ether in the Presence of 
Hydrogen Sulfide 


By Naomi 


IMAI and 


Osamu TOYAMA 


(Received August 23, 1960 


The catalytic action of hydrogen sulfide on 
the thermal»? as well as photochemical chain 
decomposition of acetaldehyde has been studied 
in this laboratory, and its catalytic effect has 
been attributed to the reactions between methy1 
radicals and hydrogen sulfide molecules and 
between hydrosulfide radicals and acetaldehyde 
molecules, both taking place faster than the 
reaction between methyl radicals and acetal- 
dehyde molecules. Methanethiol was 
found to have an analogous catalytic action on 
the thermal decomposition of acetaldehyde‘ 

Dimethyl ether has been known to decompose 
thermally by a chain mechanism involving 
methyl radicals‘ and its decomposition may 


also 


1) N. Imai and O. Toyama, unpuhlished work 
2) N. Imai and O. Toyama, This Bulletin, 33, 1120 
(1960). 


3) N. Imai and O. Toyama, ibid., 33, 1408 (1960) 


therefore be expected to be catalyzed by 
hydrogen sulfide like that of acetaldehyde. In 
the present work the kinetics of the thermal 
decomposition of dimethyl ether in the presence 
of hydrogen sulfide has been studied in the 
temperature range 360 to 440°C and compared 
with the results obtained in the j 
hydrogen sulfide. 


absence of 


Experimental 


Materials. — Dimethyl ether was prepared by de- 
hydration of methyl alcohol by concentrated sulfuric 
acid at 80 C, decarbonated and dried by potassium 
purified by 


sulfide was 


hydroxide and calcium chloride, and 


bulb-to-bulb distillation. Hydrogen 


4) F. O. Rice and K. fF Chem. § 
56, 284 (1934 
5) S. W 


6) Ss. W 


Herzfeld, J. Am 


Benson, J. Chem. Phys., 25, 27 (1956) 
Benson and P. V.S. Jain, ibid., 31, 1008 (1959). 
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TABLE I. PYROLYSIS OF DIMETHYL ETHER IN THE ABSENCE AND PRESENCE OF HYDROGEN SULFIDE 


Initial concentration 10 . Amount of product x 10° 
Reaction 


Temp. mol. /cc. mol. 
Tem} ie time 


CH,OCH H.-S — CH, co 
360 2.39 100 0.79 .082 
100 81 .073 
30 .32 .187 
30 17 By, 
.64 wae 
60 31 
.78 .38 
80 
.96 .48 
35 65 
55 46 
51 7 
.28 .72 
46 
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TABLE I 

420 L.27 0 
1.353 0 
1.56 0 
2.19 0 
2.19 0 
3.02 0 
3.67 0 
3.69 0 
3.83 0 
4.35 0 
4.68 0 
5.05 0 
5.16 0 

2.19 0.59 

1.00 

1.65 

acto 

z.10 

3.99 

4.64 
440 ee 0 
0 
0 
0 
0 
0 
0 

1.55 

1.88 

3.08 

4.08 


aluminum sulfide 
passing through a 
bulb-to-bulb distil- 
in analysis was a 


prepared by dropping water on 
n an evacuated vessel, dried by 
rap at —78-C and purified by 
lation. The cupric oxide 
commercial sample. 
{pparatus. The apparatus 
work is similar to that described previously 
of about 


used 


in the present 
The 


used 
reaction vessel is a glass cylinder 162 cc. 
capacity. 

Procedure.—Required quantities of dimethyl ether 
and hydrogen left at room 
temperature for about 30 min. before pyrolysis, and 
then introduced into the reaction vessel which had 
ilready been kept at the experimental temperature. 


sulfide were mixed and 


After an appropriate time of reaction, usually cor- 
responding to less than five per cent decomposition, 
the reaction mixture was expanded into an analyt- 
Methane and carbon monoxide in 
analyzed quantitatively in the same 
as described previously Hydrogen 
oxidized by cupric oxide at 260°C to water vapor 
and the amount of the latter was determined from 
its pressure by an oil manometer. As it was found 
that the adsorption of the water on the glass wall 
hydrogen, calibration 


ical system. 


products were 


way was 


led to incorrect estimates of 


7) N.Imaiand O. Toyama, This Bulletin, 33, 652 (1969) 
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Continued) 


ANA 


wa 


10 
10 
20 
20 


zi] 


iw 


IV ty tM te 


4.00 0.376 

5.13 0.48 0.5 
5.79 0.68 0.5 
6.36 0.504 0.5 
12.8 Pee: io 
15.3 1.86 2.1 
18.6 2.31 1.6 
21.5 3.0 3.0 
20.4 2.14 2.6 
26.5 3.49 ux 
18.8 5.02 pee 
20.0 2.30 ce 
21.4 2.24 1.7 
9.72 1.64 1.8 
11.0 2.02 20 
13.0 3.0 2.8 
13.4 3.16 Le 
12.6 3.02 2.9 
14.0 3.9 ae 
13.9 3.68 3.8 
4.10 0.28 

7.9 0.70 1.0 
8.3 0.91 

15.9 2.42 2.4 
16.7 2.74 2.8 
17.1 2.5 He 
75.6 6.5 5.6 
10.6 1.69 1.1 
11.1 2.19 ; 
12.3 2.34 pe 
12.8 2.69 2.9 


vas made with known amounts of hydrogen. The 
amounts of hydrogen thus corrected seem to be 
still not very accurate. When the amount of hydro- 
gen formed by the decomposition was very small, 


it was not determined. 


Results and Discussion 


In Table I are listed the amounts of methane, 
carbon monoxide and hydrogen formed by the 
decomposition of dimethyl ether both in the 
absence and in the presence of hydrogen sul- 
fide at various conditions. It has been well 
known that dimethyl ether decomposes thermally 
according to the following stoichiometric equa- 


tions 
CH;0CH; — CH,+CH,0 
CH.0 — CO+H:, 

It is shown in Table I that, even in the pres- 
ence of hydrogen sulfide, the amount of 
8) P. J. Askey and C. N. Hinshelwood, Proc. Roy. Soc., 

A1IS, 251 (1927) 
9 E. Leifer and H. C. Urey, J. Am. Chem. Soc., 64, 994 
1942 
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carbon monoxide formed is always equal to 
that of hydrogen within the experimental error 
and is always less than 30%, of that of methane. 
Fig. | shows plots of the amounts of methane, 
carbon monoxide and hydrogen against the 
time obtained from of runs (a) in the 
absence and (b) in the presence of hydrogen 
sulfide under otherwise constant conditions. 
It is seen in the figure that the rate of forma- 
tion of methane remains constant for 30min. 
during which 7.4 (a) and 2.3 (b) % of the ether 
have decomposed, while those of carbon mono- 
xide and hydrogen 
observations 


series 


increase with time. These 
that carbon monoxide 
and hydrogen are produced by the decomposi- 
tion of formaldehyde as by the 


above the presence of hydrogen 


indicate 


represented 
equation in 
sulfide as well as in 

It is generally agreed that the main 
of the thermal decomposition of dimethy! ethet 


its absence 


feature 


can be explained by the following chain 
mechanism 
CH;0CH; —> CH; + OCH (1) 
OCH; -+-CH:OCH; — CH:;OH +CH:;0CH 
(2) 
CH; +CH:OCH; — CH;+CH;0CH (3) 
CH;0CH:; — CH.0+CH (4) 
CH;+CH; — C,H (5) 


The steady state equations derived from this 
scheme yield the rate equation 
d (CH;OCH;|] /dt= Ren, 

ki ’ksk {CH,OCH,| */’ 

in general agreement with experimental results 

obtained by various workers Also in this 

work, the rate of decomposition of the ether 

alone was found to be proportional to the 3/2 

power of the concentration of dimethyl ether 

at 420°C as seen in Fig. 2. From the slope 

of the straight line in the figure, the value of 


(1) 


ki *ksks was obtained. At other tempera- 
tures, values of k,'/°k-k were calculated 
from the concentration of ether and the rate 


of formation of methane, making use of Eq. I. 
They are listed in Table II. 


TABLE Il. VALUES OF k,!/*kgk 
AND k,!'/*k-kg 

Temp. = ky!/*kok >< 10 ky /*kzk~ /2 x 10° 

( (mol!/* cc'/- sec (mol!/? cce'/* sec 
360 0.223 0.240 
380 0.855 0.847 0.864 
400 2.33 2.60 
420 9.68 ato 
440 28.8 


a) Obtained from a series of runs with varied 
ether concentrations and a constant hydro- 
gen sulfide concentration (Fig. 4). 


Osamu TOYAMA 
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Now in the presence of a sufficient amount 
of hydrogen sulfide, the reactions of methy! 
and methoxyl radicals with hydrogen sulfide may 
be so much faster than those with dimethyl 
ether, that the latter reactions may be neglected 
compared to the former. Hence reaction 2 may 
be replaced by reaction 2’ and reaction 3 by 
reactions 6 and 7. 


OCH: +H-S — CH;0OH 
CH;+H.2S — CH,+HS 
HS +CH;0OCH; — H.S+CH;OCH (7) 


HS (2') 


If, in addition, the concentration of hydrosul- 
much higher than that of 
the chain will terminate by 
reaction 8, reaction 5 being negligible compared 


fide radicals is 


methyl radicals, 


to reaction 8. 


HS+ HS -> products (8) 
The above chain mechanism consisting of 
reactions I, 2’, 6, 7, 4 and 8 leads to the fol- 
lowing rate equation. 
d|CH;OCHs| /dt= Ren, 
ki '/°k-k {CH;OCHSs| (II) 


If the chain is sufficiently long, it is readily 


shown that in the steady state 


k. (CH;][H2S] =k; [HS][CH:OCHS;| 
or 
[HS] /[CHs] 


(k-/kz) ({H2S] / (CH:OCHs] ) 


(IIT) 


Therefore, when the quantity in the right-hand 
side of Eq. III is very large, the rate of de- 
composition will be represented by Eq. II. 
Fig. 3 shows the dependence of the rate of 
formation of methane on the concentration of 
hydrogen sulfide at varied temperatures. The 
rate increases with the increase in the con- 
centration of hydrogen sulfide, until it attains 
a constant value. Fig. 4 shows that the rate 
of formation of methane in the presence of 
2.32 x 10~-° mol. cc~' of hydrogen sulfide at 380°C 
is proportional to the 3/2 power of the con- 
centration of the ether. Both Figs. 3 and 4 thus 
indicate that Eq. II holds when the ratio [H.S] 
{CH;OCH;] is large. Values of k,'/*k-k 
determined from the constant values of the rate 
in Fig. 3 and from the slope of the straight line 


in Fig. 4 are listed in Table II together with 
those of k,'/°k:k;~'/*. The fairly good agree- 
ment of the two values of k,' “k-k at 
380°C obtained by different methods shows 


again the validity of Eq. II. 
The values given in Table I 
following Arrhenius expressions: 


lead to the 


ki '/°kok 10 
xXexp (54,500+400) ART 
mol cc’!* sec 


w 
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ky /*ksks7} 10 
<exp (51,800-++700) /RT }: 
mol~ '/* cc'/* sec 
The expression for k,'/*k3;k;~'/* shows a good 


agreement with that of 10'°'' exp(—55,600/RT) 
mol cc!/? sec obtained by Benson and 
Jain who studied the thermal decomposition 
of dimethyl ether in the temperature range 
from 490 to 550°C. 

The expression of k,'/°k,k 
of k k-k yields 


(ks/k;) (k:/ks) 0.8 exp(—2,700/RT ) 


Assuming k;/k; to be unity, k3/k;=0.8exp 

2,700/RT) and hence E; = E;—2.7 kcal./mol., 
E’s denoting activation energies. The result 
seems reasonable since hydrosulfide radicals 
have been shown to be more reactive towards 
organic molecules than methyl radicals. Re- 
ported values of E; are 8.4', 9.5' and 10.0 
keal./mol. and that of A; is of the order of 
10'' mol~'ce. sec~’. If we accept the inter- 
mediate value of 9.5 kcal./mol. for E;, it follows 
that 


divided by that 


k; =10'' exp(—6,800/RT) mol~' cc. sec 


The present authors found previously that k 
10°. exp(—2,605/RT)?. The combination of 


these yields 
k./k; exp (4,200/RT) 


It follows therefore that k./k; is much greater 
than unity at experimental temperatures 
although it decreases with the rise of tempera- 
ture. This accounts for the fact that Eq. II 
holds even when the ratio [HS] /|CH;OCHs3| 
in Eq. IIL is not very large and that, the higher 
the temperature, the greater is the ratio [H.S] 
{CH;0CH3] where Eq. II begins to be applic- 
able, as seen in Fig. 3. 

Benson and Jain have argued that the activa- 
tion energy of the initial step, £,, of 92 kcal. 
mol., obtained from their value of E 
(1/2)E, + E;—(1/2)E; = 55.6 kcal./mol. combined 
with £;=9.5 kcal./mol., is too large compared 
with E,=81kcal./mol. obtained by Rice and 
Johnston’, who decomposed dimethyl ether in 
the temperature range from 1010 to 1150°K 
and determined £,; by an antimony mirror 
removal method. In order to explain this dis- 
crepancy, they suggest that the chain terminates 
not only by reaction 5 but also by reactions 9 
and 10 


10) M. K. Phibbs and B. B. Darwent, Can. J. Research, 
B28, 395 (1950). 

11) A. F. Trotman-Dickenson and E. W. R. Steacie, J 
Chem. Phys., 19, 329 (1951). 

12) R. A. Marcus, B. B. Darwent and E. W. R. Steacie, 
ibid., 16, 983 (1948), recalculated in Ref. I}. 

13) F. O. Rice and W. R. Johnston, J. Am. Chem. Soc., 
56, 214 (1934). 


CH;+CH.20OCH; — C.H;0CH3 (9) 
2CH,OCH; —*» (CH;0CH>) (10) 


and that reaction 4 is not unimolecular but 
bimolecular 


CH20CH;+M — CH.0+CH;+M (4’) 
The rate of decomposition is then expressed as 


d |CH;0CHSs]| /dt 


lt (CH,OCH;] 
1+ (K10/ks)"/*(ks/ky") 
Since E E;=0, E3:=9.5 and £E,=19kcal. 
mol.'?, the denominator of the overall rate 
constant decreases with temperature. This situa- 
tion, they believe, explains the overall activation 
energy greater than (1/2)E,+ E3;—(1/2)Es. 

However, if £; =81 kcal./mol. and consequently 
(1/2) E, + E;— (1/2) E;=S50 keal./mol. as_ they 
assume, E;—E 1.8 kcal./mol., i.e., E3;<E 
and the catalysis such as shown by Eq. II cannot 
be expected to take place’. The interpretation 
given by Benson and Jain must therefore be 
regarded as incompatible with the _ results 
obtained in the present work. On the other 
hand, the agreement between the two overall 
A factors in the absence and presence of 
hydrogen sulfide seems to support the idea 
that Kove: ky'/?k ok , since it is probable 
that A;=A; and A;—A3. The discrepancy 
between the overall activation energy in the 
pyrolysis of the ether alone and those cf 
elementary reactions may therefore be attributed 
to the error in the estimation of £,. Baughan 
et al.' estimated E; as 87 kcal./mol. 

As seen in Table I, the time required to pro- 
duce a definite amount of methane in the 
absence of hydrogen sulfide is about ten times 
as great as that in its presence, but the ratio 
of the amount of carbon monoxide to that of 
methane, compared with the same amount of 
the latter, is far less sensitive to the presence 
of hydrogen sulfide. This indicates that the 
decomposition of formaldehyde is also catalyzed 
by hydrogen sulfide. Kodama, Takezaki and 
Fujie’ suggested that in the pyrolysis of 
dimethyl ether, formaldehyde decomposes by 
the following chain processes: 


CH;+CH,0 -— CH,+CHO 
Cho — CoO+8 

H +CH;0OCH; -— H,+CH;OCH 
CH;0CH; — CH.0+CH 


14) Whether reaction 4 may be unimolecular or bimo- 
lecular, Eq. II holds when reactions 5, 9 and 10 are 
neglected compared with reaction 8 

15) E. C. Baughan, M. G. Evans and M. Polanyi, Trans 
Faraday Soc., 37, 377 (1941). 

16) S. Kodama, Y. Takezaki and R. Fujie, J. Chem. Soc. 
Japan, Pure Chem. Sec. (Nippon Kagaku Zasshi), 72, 892 (1951). 
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In the presence of hydrogen sulfide, this CH:OCH, (7) and CH;0CH, >~CH,.0+CH 










scheme may be modified as follows: (4). Overall rate constants in the absence and 
HS+CH.O — H.S+CHO presence of hydrogen sulfide are represented 

by 10 exp(-54,500' RT) and 10 exp 

CHO -> CO-H (--51,800/RT) mol. cc'/* sec respectively. 
H+H.S — H,+HS The combination of these gives k:/k; 0.8 exp 
(-2,700/RT), where k; refers to the reaction 

Summary CH;+CH:;0CH; — CH;+CH:OCH, (3). If, 


therefore, the activation energy of reaction 3 
is 9.5 keal./mol. as reported by Trotman- 
Dickenson and Steacie, that for reaction 7 is 
6.8 kcal./mol. The results obtained indicate 
that the decomposition of the formaldehyde 
formed intremediately is also catalyzed by 
hydrogen sulfide 


Dimethyl! ether has been decomposed thermally 
in the presence and absence of hydrogen sul- 
fide over the temperature range 360~440°C 
The rate of decomposition is enhanced by the 
presence of hydrogen sulfide, but the rate law 
is unchanged, i.e., the rate is proportional to 
the 3/2 power of the ether concentration, ir- 
respective of the presence of hydrogen sulfide 
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In the previous paper’, the formation of 

li-alkyltetrahydrocarbazolenines (IV) and 9- 

alkyltetrahydrocarbazoles (III) by the alkylation 

of tetrahydrocarbazole (1) with sodium amide 

and alkyl halides in liquid ammonia was re- Vv VI Vil Vill 
ported. 












Vil a R=CH Vil a R=CH:C.H 
b R -CH,.-CH-CH, 
c R=CH 






ed in the alkylation of 2, 3-dimethylindole(V) in 



















I I il I\ liquid ammonia with sodium amide and alkyl 

Ill a R—-CH.C,H IV a R=CH.C.H halides, and the ratio of C-alkyl/N-alkyl prod- 

b R~ CH,-CH=CH b R=CH.-CH=CH ucts were also found to depend on the nature 
¢R CH ¢ R-CH of alkyl halides in the same sequence as that 

The ratio of the vield of 1i-alkyltetrahvdro- demonstrated in the alkylation of tetrahydro- 
carbazolenines (IV) to 9-alkyltetrahydrocar- Catbazole. On the other hand, the alkylation 
bazoles (III) was found to be affected by the 9! Sodio-indole (IX) in non-polar solvent 
halides employed: benzyl chloride gave the (benzene or without solvent) was studied by 
highest ratio and was followed by ally bromide, Funakubo’, who reported the preparation of 
isopropyl iodide and methyl iodide. 

The same sort of “ambident” alkylation 2 ee ee eee aes ee ee 
to give l-alkyl-2, 3-dimethylindoles (VII) and 3- tala GUE caanatioae. fiom eae cs Ge Gee ee 
alkyl-2,3-dimethylindolenines (VIII) was observ- formation of N-substituted derivatives. T. Hoshino, Ar 

$90. 35 (1932); B. Witkop. J. Am. Chem. Soc., 72, 614 (1930); 


Ref. |! 
1) M. Nakazaki and S. Isoe, J. Chem. Soc. Japan, Pur 4 E. Funakubo, J. Chem. Soc. Japan, Pure Chem. Sec 
Chem. Sec. (Nippon Kagaku Zasshi), 76, 1189 (1955). (Nippon Kagaku Zasshi), 48, 652 (1927). Cf. R. Weisberger 


2) 


2) M. Nakazaki, This Bulletin, 32, 838 (1959) Ber.. 42, 3520 (1910) 
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N-alkyl indoles (X) (methyl, ethyl, n-propyl, 
isopropyl, allyl, n-butyl, isobutyl and isoamyl]) 
by this method. 


IX xX XI 
a R=CH:;-CH=-CH; 
b R=CH:C,;H 
c R=C(C,H;) 


d R=CH:COOC:;H 


But on our repetition of 
his N-allylindole picrate (m.p. 169~170°C) 
turned out to be the picrate of recovered 
indole, and from the mother liquor was isolated 
another picrate (m.p. 105~106°C) which was 
established to be identical with the 
3-allylindole (Xla) 


synthesis. 
another example of §- 


his experiment, 


picrate of 
orepared by the Grignard 
pre} g 


Kubota also found | 
alkylation of sodio-indole in non-polar solvent 
when he obtained 3-benzyl(XIb)‘, 3-triphenyl- 
methyl-indole (XIc) and ethyl 5-indoleacetate 
(XId)~ by heating a suspension of sodio-indole 
in dry benzene with benzyl chloride, triphenyl- 
methyl chlorid: and ethyl chloroacetate respec- 
tively. 

Unfortunately these authors did not dare to 


examine their alkylation method for 2, 3-di- 
substituted indoles, and this contribution is 
concerned with the alkylation of sodio-2, 3- 


disubstituted indoles in non-polar solvent as a 
natural extension of our alkylation 
liquid ammonia. 

Tetrahydrocarbazole (I) and 2, 3-dimethyl- 
indole (V) were chosen as representatives of 
2, 3-disubstituted indoles, because various II- 
alkyltetrahydrocarbazlenines (IV), 3-alkyI-2, 3- 
dimethylindolenines (VIII) and N-alkyl deriva- 
tives Ill and VII have been prepared by our 
hands’? and their structures were firmly 
established. 

The general procedure carried out in our 
alkylation study was as follows: toa suspension 
of sodium amide in liquid ammonia (prepared 
in situ), a solution of indole derivatives (1 
or V) in toluene was added and the liquid 


studies in 


5) Authentic N-allylindole (b. p. 114~116°C/6mmHg 
picrate: m. p. 799~79.5°C) was prepared by the alkylation 
of indole in liquid ammonia with sodium amide and ally 
bromide. Ref. 1. 

6) T. Kubota, J. Chem. Soc. Japan, Pure Chem. Sex 
(Nippon Kagaku Zasshi), 59, 407 (1938). 

7 IT. Kubota and I. Mita, ibid., 59, 409 (1936). This 3 
triphenylmethyl-indole was found to be identical with the 
compound which had been prepared by E. Funakubo and 
IT. Hirotani (Ber., 69, 2123 (1936)) by the reaction of the 
Grignard complex of indole with triphenylmethy! chloride 
and had been assigned the structure of N-triphenylmethy! 
derivative by them 


8 IT. Kubota, Japan Pat.. 166925 (1934 


ammonia was evaporated at room temperature. 
After residual ammonia was expelled by heat- 
ing the solution up to the boiling point of 
toluene, a solution of halide in toluene was 
added under refluxing with stirring. The 
separation of indolenine derivatives and WN- 
alkyl derivatives was worked out by the con- 
ventional method as in the case of alkylation 
in liquid ammonia. 

The same directing effect of the alkylation 
reagents was confirmed in this alkylation in 
non-polar solvent; i.d. with benzyl chloride 
and allyl bromide, sodio-tetrahydrocarbazole 
afforded 1il-alkyltetrahydrocarbazolenines (IV) 


predominantly, whereas with methyl iodide, 
N-methyl derivative was the sole product 
isolated ; 2, 3-dimethyl-indole gave only indo- 
lenine derivatives VIII with benzyl chloride 


and allyl bromide, but with methyl iodide, N- 
methyl] Vila accompanied with a 
small amount of indolenine derivative VIIIc. 

It is noteworthy to compare these results 
with the directing effects of alkylation reagents 
in the alkylation of sodium salt of 2, 6-disub- 
stituted phenols (XII) in non-polar solvent, 
which was studied strenuously by Curtin and 
his collaborators recently. 

To explain their observation that benzyl 
cHloride and ally bromide give predominantly 
the C-alkyl derivative(6-alkyl-2, 6-dimethyl-2, 4- 
cyclohexadienone) XIII, whereas methyl iodide 
gives XIV with a trace of XIII, various factors 
which seem to control the direction of alkyla- 
tion were decisive 


derivative 


considered, however, no 


conclusion have to have been reached. 
We have proposed a reasonable mechanism to 


explain the marked directing effect of benzyl 


seems 


XI XIV X11 


and ally halides in the alkylation of tetra- 
hydrocarbazole in liquid ammonia, but this 
can not be advanced to rationalize the ambident 
alkylations in non-polar solvent without further 
experimenta! supports. 

Studies of alkylation of 2, 6-dimethylphenol 
in liquid ammonia are now in progress in our 
laboratory, and should be the subject of a 


subseq uent communication. 


Experimental 


Alkylation of Tetrahydrocarbazole (1).—-/) With 
Benzylchloride A mixture of 5g. of 


100 cc. of 


tetrahydro- 


carbazole and toluene was added to a 


suspension of sodium amide in lipuid ammo 
9 D. Y. Curtin etal... J. Am. Chem. Soc., 79, 3186 (1957 
89, 1391. 4339, 6016 (195s I. Ore. Chen 23. 9 (1958 
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prepared from 0.5 g. of sodium and 200 cc. of liquid 
ammonia. The liquid ammonia was evaporated at 
room temperature and the resulting suspension of 
sodio-tetrahydrocarbazole in toluene was _ refluxed 
in order to expel the last trace of ammonia A 
solution of 4g. of benzyl chloride in 20cc. of 
toluene was added dropwise. After the solution 
refluxed for 1.5hr., the toluene 
was distilled with steam, and the 
extracted with ether. The ether solution was washed 
with 2N hydrochloric acid to separate the basic 
and neutral fractions. 

N-Benzyltetrahydrocarbazole (Illa): The ethereal 
extract was washed with water twice and 
over anhydrous sodium sulfate. Removal of the 
gave a semisolid which was washed with 
petroleum ether-ether to give 0.5g. of 
tetrahydrocarbazole. The washing was concentrated 
to afford a pale yellow oil, which was distilled in 
vacuo, 0.4g. b. p. 170~180°C/2 mmHg (literature 
b. p. 195 -C/2 mmHg). The picrate was recrystallized 
from ethanol to give red 
110~111-C, alone and admixed with an authentic 
110~ 


was stirred and 


residue was 


dried 


solvent 


recovered 


t 


needles which melted at 


sample of N-benzyltetrahydrocarbazole (m. p 
1"). 
Found: N, 11.49. 
N, 11.42 
11-Benzyltetrahvdrocarbazolenine (IVa):—After the 
acidic solution was washed with ether, 4N sodium 


Calcd. for CygHgN-CsH,O;N 


hydroxide solution was added to precipitate the 
basic material which was extracted with ether. 

The extract was washed with water and dried 
over anhydrous sodium sulfate. The solvent was 
which was filtered 
free from viscous mother liquor. The crystals were 
recrystallized from ethanol-water to afford prisms 
melting at 84~85°C, which was found identical 
with Il-benzyltetrahydrocarbazolenine by the mixed 
melting point determination with an authentic 
specimen (literature: m. p. 85~86°C»). The picrate 
was recrystallized from ethanol yellow 
prisms, m. p. 176~177.5-C (literature : 176~177°C 
The mixed melting point with an authentic speci- 
men was 176~177.5°C. 

Found: N, 11.53. Caled. for C;,H;;N-CsH,O;N 
N, 11.42 


2) With Allyl Bromide. To a 
sodio-tetrahydrocarbazole in toluene prepared from 
200 cc. of liquid ammonia, 0.7 g. of sodium, 5 mg. 
of ferric nitrate, 5g. tetrahydrocarbazole (1) and 
100 cc. of toluene, as described previously, a solu- 
tion of 4g. of ally bromide in 20cc. of toluene 
was added dropwise with stirring and refluxing in 
a period of 2hr. After the reaction mixture was 
refluxed for an additional Shr., the solvent was 
removed by steam distillation and the residue was 
extracted with ether. The neutral and basic frac- 
tions were separated as described above. 

N-Allyltetrahydrocarbazole( II1Ib):—From the neutral 
fraction, 0.5 g. of tetrahydrocarbazole was recovered 
(m.p. 110~116°C). The residue was distilled in 
vacuo to afford a viscous pale yellow liquid, b. p. 
125~128°C/2 mmHg (literature: b.p. 157°C/3 
mmHg). The picrate was recrystallized to give red 
needles melting at 76~77°C, which were found to 
be identical with the picrate of N-allyltetrahydro- 


removed to give a semisolid 


to give 


suspension of 
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carbazole by the mixed melting point determination 
with an authentic sample, m. p. 76~77-C!. 
N, 13.05. Caled. for C;;Hi;N-C;H,O;N 


Found : 
N, 12.73%. 

11-Allyltetrahydrocarbazolenine (IVb): 
fraction gave 2.0g. of crystals which were recrystal- 
lized from petroleum ether to afford 11-allyltetra- 
hydrocarbazolenine, m. p. 54~56°C, identified by the 
mixed melting point determination with an authentic 
sample (literature: m.p. 57~58°C). The picrate 
was recrystallized from ethanol to give yellow 
prisms, m.p. 139~142°C, the identity of which 
with the picrate of 1Il-allytetrahydrocarbazolenine 
was established by the mixed melting point deter- 
mination with an authentic sample (literature 
m. p. 142~143°C). 

Found: N, 12.94. Calcd. for C;;Hi);N-CsH,0;N 
N, 12.72%. 

3) With Methyl lodide.— The alkylation with 
methyl iodide was carried out following the general 
solution of 8g. of 


The basic 


procedure described above. A 
methyl iodide in 40 cc. of toluene was added drop- 
wise during 6hr. in a 
hydrocarbazole (0.02 mol.) on toluene prepared from 
200 cc. of liquid ammonia, 0.7g. of sodium, 3.4g. 
of sodium and 80cc. of toluene. After the usual 
work up, the basic and neutral fractions 
separated. 

N-Methyltetrahydrocarbazole (IIc): —-The vacuum 
distillation of the neutral fraction gave 1.4g. of 
viscous pale yellow oil, b.p. 124~126-C/2 mmHg. 
The picrate was recrystallized from ethanol to give 
brown-red melting at 109~112°C. The 
mixed melting point with an authentic specimen 
113~114°C) was 109~112-C. 

13.79. Caled. for C;,Hi;N-CgH3O;N; : 


suspension of sodio-tetra- 


were 


needles 


(m. p. 

Found: N, 
N, 13.52%. 

The Basic Fraction: — Removal of the ether af- 
forded an amber yellow solid which was sparingly 
soluble in dilute sodium hydroxide, dilute hydro- 
chloric acid, ethanol and ether respectively add 
could not be converted into crystalline picrate. This 
substance was not studied further. 

Alkylation of 2,3-Dimethylindole (V).--/) With 
Benzylchloride :—A solution of 5g. of 2,3-dimethyl- 
indole (V) in 100cc. of toluene was added drop- 
wise into a suspension of sodium amide in liquid 
ammonia prepared from 200cc. of liquid ammonia, 
lg. of sodium and Smg. of ferric nitrate. The 
liquid ammonia was evaporated and the remaining 
mixture was refluxed with stirring. To the reaction 
mixture, a solution of 5.3g. of benzyl chloride in 
20cc. of toluene was added and refluxing with 
Stirring was continued for 8hr. After the reaction 
mixture was worked up as described in the alkyla- 
tion of tetrahydrocarbazole, the basic and the 
neutral fractions were separated. 

2, 3-Dimethyl-3-benzylindolenine (VIIIa):—-Removal 
of the solvent afforded 4.6 g. of a solid, which was 
recrystallized from petroleum ether to give crystals 
melting at 48~49°C, alone and admixed with an 
authentic specimen (m. p. 48~49°C!). 

The picrate was recrystallized from ethanol to give 


10) M. Nakazaki, S. Isoe and K. Tanno, J. Chem. Sox 
Japan, Pure Chem. Sec. (Nippon Kagaku Zasshi), 76, 1262 


(1955). 
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yellow prisms, m. p. 137~139°C, the mixed melting 
point of which with an authentic sample! was 
found 137~140°C. 

Found: N, 12.20. Caled. for C);H;;N-CsH,0;N;3: 
N, 12.06%. 

The Neutral Fraction: —A small amount of 2,3- 
dimethylindole was recovered, but the search for 
N-benzyl derivative was fruitless. 

2) With Allyl Bromide.—Using 5g. of allyl bro- 
mide, the alkylation was carried out exactly as the 
procedure described above. 

2, 3-Dimethyl-3-allylindolenine (V IIIb): — The crude 
basic fraction (1 g.) was distilled in vacuo to give 
a yellow liquid, b.p. 125~128°C/12mmHg. The 

crate was recrystallized from ethanol to afford 
ellow needles m. p. 15S8~160°C, the mixed melting 
point with an authentic sample» (m. p. 156~157°C) 
showed 159~160°C. 

Found: N, 13.65. Caled. for C;;H;;N-CsH,O-N 
N, 13.52%. 

Neutral Fraction The crude neutral fraction 
2g.) was distilled in vacuo to give two fractions: 
1. 14g. b.p. 100~125°-C/2mmHg. which was 
sxroved as 2,3-dimethylindole recovered, 2. 0.5 g. 
». pp. 125~130°C/2 mmHg which did not give crys- 
talline picrate and was not studied further. 

3) With Methyl lodide.—The alkylation was 
carried out using 12g. of methyl iodide, and the 
yasic and neutral fractions were separated as des- 
cribed above. 

2, 3,3-Trimethylindolenine ( VIIIc):—The crude basic 


fraction (1.1 g.) was distilled in vacuo to give 0.4 
g. of VIlIc, b. p. 80°C/1 mmHg, the characteristic 
odor of which resembles that of jasmin. The 
picrate was recrystallized from ethanol to afford 
yellow needles melting at 158°C, which was found 
identical with the picrate of 2,3,3-trimethylindo- 
lenine (literature?>: m.p. 158°C) by the mixed 
melting point determination. 

Found: N, 14.54. Caled. for C;;H;;N-CsH,O;N 
14.43%. 

1,2,3-Trimethylindole (VIla): — From the neutral 
fraction, a small amount of 2,3-dimethylindole was 
recovered by recrystallization from petroleum ether. 
The mother liquor, after removal of the solvent, 
was distilled in vacuo to give 1.Ig. of yellow 
liquid, b.p. 90~93°C/2mmHg (literature*>: b. p. 
117~120-C/6 mmHg). The picrate was recrystallized 
from ethanol to afford brownish-black needles, m. p. 
145~147-C which was not depressed on admixing 
with an authentic specimen-’ of the picrate of 
1,2,3-trimethylindole (m. p. 148~149°C). 

Found: N, 14.70. Caled. for C;,;,H;,N-CsH,O;N 
N, 14.43 


The author is very grateful to Mr. Sachio 
Itaba for his technical assistance. 
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Microwave Spectrum and Molecular Structure of 
Monochloroacetonitrile, CH,CICN 


By Kaname WapDA, Yoshikazu KIKUCHI, Chi MATSUMURA, 
Eizi HIROTA and Yonezo MorRINO 


(Received September 5, 1960) 


Since the structure of the monochloroaceto- 
nitrile molecule CH-CICN is similar to that 
of propargyl chloride CH»CIC=CH, it is of 
some interest to compare the structure of the 
two molecules with each other in detail. In 
particular, the C--Cl bond length is important 
in the respect because it will give some infor- 
mation concerning the electronic structure of 
the molecule. The quadrupole coupling con- 
stant of chlorine nucleus is also important for 
discussing the nature of the C—Cl bond. 

When the present investigation was coming 
nearly to the end, a paper was published by 
Graybeal on the structure of the CH»CICN 
molecule by the microwave absorption spec- 
trum». But his result seems to involve a 
number of unreliable data and moreover only 


two isotopic species, CH.’°CICN and CH, 
“CICN, were used in his study. The molecular 
structure and the molecular constants obtained 
in the present paper would be more reliable 
than those by Graybeal. 


Experimental 


The rotational spectra of monochloroacetonitrile, 
CH2®CICN, CH:27CICN, CD.*®CICN, and CD, 
‘CICN, were observed at room temperature by 
using the recording microwave spectrometer with a 
100 Ke. Stark modulation described in the previous 
paper. The microwave was supplied by klystrons, 


1 J. D. Graybeal, J. Chem. Phys., 32, 1258 (1960). 
2) E. Hirota and Y. Morino, This Bulletin, to be 
published. 
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TABLE I. OBSERVED 
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FREQUENCIES 











CH.*CICN 








obs. caled. obs. 

a-Type 

2; 3 17545 17544.20 

3 4 23966.23 23968 .50 

312-7415 23385.72 23388.83 

4,4-°5 29227.24 29230.41 28611.54 

5, 5-6 35065.78 35068.33 34324.38 
b-Type 

loi? 22422.50 22422.48 22332.96 

3 3 23192.78 23191.36 23074.41 

40.4 94 23821.51 23820.40 

5 Si 4 24625 24623 .42 

6, «6 25614.88 25612.08 25409 

To. 7 26801 26799.24 26549 

8 8 28201 28199.58 27894 

9 Y 29831 29828 .87 29458 

10 10 31706 31703.42 31253 

11 11 33842 33839.15 33303 

12 12 





| 28120. 28120. 27912 
| 2? 33818.58 33817.76 33492.20 
4, 4 94 23821.51 23820.40 
5 6 15794.49 15800.49 15038.47 
6,..6-°7 22551.95 22559.80 


16468 .! 16502.5 14790.03 














TABLI ROTATIONAL 





CH."CICN CH.**CICN 
A 25271.30 Mc./sec 25122.52 Mc. 
B 3151.01 3081.13 
= 2848 .80 2789.56 
6.78471 ~ 10 6.57069 ~ 10 


13, 


silicon 


Varian X-12 and X and the frequency 
multiplied by a crystal The 
range covered was 15000 Mc./sec. to 35000 Mc. ‘sec 

The deuterated samples were prepared as follows: 
a mixture of the normal monochloroacetonitrile, 
heavy water and a _ trace anhydrous 
carbonate was kept on a hot water bath for a 
and then distilled out. The infrared absorption 
spectrum showed neither the C-H_ stretching nor 
the CH. deformation bands. 


Was 


frequency 


ol sodium 


day 


Results 


Monochloroacetonitrile is a nearly prolate 
symmetric top molecule and both a- and b-type 
transitions were observed. The transitions of 
the b-type Q-branch, Jy.y->Ji.7-1, were 
easily identified because of their characteristic 
hyperfine patterns due to the quadrupole 
moment of the chlorine nucleus (J~—3 2) and 
contirmed by plotting the values of A~(B 

C)/2 and bp=—(C—B)/CA-—B—C). For 
CH.CICN a-type, and b-type R-branch transi- 


of 


most 








CH;**CICN 















27912 


33491 


15042. 


14823 


CONSTANTS 


see 








CD:*=CICN CD,**CICN 








calcd. obs. caled. obs. caled. 


17190.80 17190.34 16832.86 16833.12 
22914.78 22914.49 
28612.16 28633.16 28633.68 28038.14 28039.38 
34326.95 34346.03 34346.84 33636.16 33634.53 
22332 .97 
23074.49 17585.67 17584.56 
18304.48 18304.23 18187.47 18185.99 
19234.33 19232.49 
25405.55 20389.63 20387.74 20192.84 20191.62 
26547.20 21791.27 21790.80 21541.20 21540.40 
27892.79 23465.04 23463.98 23148.64 23147.47 
29457.20 25429.58 25429.40 25034.94 25033.99 
31255.89 27708.01 27706.52 27222.44 27219.00 
33304.09 30318.90 30308.94 
33273.50 33239.82 32562.24 32531.71 


20 


rata] 


01 






AND ASYMMETRY PARAMETERS 











CD,.*°CICN CD.**CICN 
19494.88 Mc./sec 19377.44 Mc./sec. 
3119.94 3051.63 

2780.81 2724.15 

1.02490 - 10 9.92993 ~ 10 





tions and for CD.CICN a-type R-branch transi- 
tions were also measured. The observed center 
frequencies are given in Table I. 

The rotational constants of CH .CICN 


were 
determined by using the transitions, 0 >| 
l | and 3,,,-»3 Unfortunately none 


of these transitions were measured for CD.CICN 
and the rotational constants were determined 
by using relatively low-J transitions. The 
values are listed in Table II. The center 
frequencies calculated by using these constants 
are compared with the observed ones in Table 
I. (a rigid rotor calculation). 

For CH.*°CICN rough estimation of cen- 
trifugal effect is made (Table III) by assuming 
the expression for a symmetric top molecule, 

DjJ*(J+ 1)*— DaxJ(J+1)K DxK The 
transitions used for determining the centrifugal 
constants are 4 >4,3, 5 >61.6, 5 >6).6, 6 
7v.7, and 11 >12;.1:. The center frequencies 
with the centrifugal distortion 
are compared with the observed 


> 


calculated 
correction 
























w 
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TABLE Ill. Errtect OF THE CENTRIFUGAL DISTORTION FOR CH,©CICN 


(D; =0.004399 Me. /sec.. D7 x 0.02340 Mc./sec.. Dx =0.3398 Mc./sec 
L D seni 2 
21.23 17544.20 0.33 17543 .87 17545 
Aiea” 23968 .50 1.13 23967 .37 23966 .23 
31.3414 23388 .83 0.94 23387 .89 23385 .72 
4,45 29230.41 1.97 29228 .44 29227 .24 
5 6 35068 . 33 3.32 35064.81 35065 .78 
lo il 22422. 48 0.29 22422 .19 22422.50 
3 31.2 23191 .36 0.06 23191.30 23192.78 
4.44 23820.40 0.13 23820.53 23821 .51 
So.s-?51.4 24623 .42 0.36 24623 .78 24625 
¢ 6 25612 .08 0.64 25612 .72 25614.88 
7 Th 26799 .24 0.97 26800. 21 26801 
8. 8 28199 .58 1.35 28200 .93 28201 
9.9 91.5 29828 .87 1.77 29830 .64 29831 
10 10 31703 .42 2.29 31705 .65 31706 
11 11 33839.15 2.75 33841 .90 33842 
0 | 28120. 11 0.31 28119.80 28120.10 
l 2 33817.76 0.34 33817 .42 33818 .58 
4 4 23820.40 0.12 23820.52 23821.51 
5 6 15800 .49 4.16 15796.33 15794.49 
6 7 22559.80 6.63 22553 .17 22551 .95 
11 12 16502 .57 34.01 16468 .56 16468 .89 
TABLE IV. MOLECULAR CONSTANTS OF MONOCHLOROACETONITRILE 
(Graybeal’s values are also given for comparison.) 
Present 
Calculated 
C—Cl 1.7815A, C—H 1.0881A, H---H 1.7812A, ZCCCI 111°29’, 
Z.CCH 107°27', 4=0.2194 amu A?, 7 32.8 Mc./sec., Z 7.2 Mc./sec 
Assumed 
C—C 1.458A, C-—-N 1.158A, ZCCN 180°, 
Graybeal 
Calculated 
C—Cl 1.767A, C—C 1.472A, H---H 1.728A, ZCCCI 111°24', 
Z 30.45 Mc./sec., Z% 7.73 Mc./sec., 
Assumed 
C—H 1.070A, C—N 1.158A, ZCCN 180 , ZCCH 109-30 
ones in Table III. It is seen that the dis- obtaining the hydrogen to hydrogen distance, 
crepancy found in the rigid rotor calculation hence there remain eight constants for determin- 
is largely reduced, even for high-J transitions. ing the other structural parameters, dc_c, dc-ci, 
Since only two hydrogen atoms are located dc_u, dcax, ZCCCI, ZCCH, and ZCCN. Since 
above and below the symmetry plane, the isotopes of carbon and nitrogen atoms were 
distance between them r is given by not available, none of these parameters could 
be determined. The C-C bond length adjacent 
r= [Ua+h—Ie+ 4)/m) to the triple bond is usually about 1.458 A, 


and the C=N bond length in cyano group 1s 
reported for a number of molecules to be 
1.158 A. The assumption of the linear struc- 
ture for the C--C=N group may not influence 
the other structural parameters Thus the 
following values were assumed: de ¢~ 1.458 A, 


where J is a quantity similar to the inertia 
defect and m is the mass of hydrogen or 
deuterium atom. The values of J and r 
Table IV) were determined by means of the 
method of least-squares using the four equations 
given by the four isotopic species. 

The number of the rotational constants » ©. C. Comin ced BP. Stwithe®. J. Ch Phy 
obtained is twelve. Four of them are used in 3, 777 (1959 
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TABLE V. COMPARISON OF THE CENTER FREQUENCIES (CH.*°CICN) 
GIVEN BY GRAYBEAL AND BY THE PRESENT AUTHORS 


obs. caled. 


Graybeal Present Graybeal* Present** 


17550 17545 17549.40 17550.06 
23974 23966. 2: 23975 .3 23975 .42 
24002 24003 .65 24003. 
24011 24012.¢ 24012 
24011 24012. 24012. 
24036 24034.28 24034. 


15794.54 15794. 15794.54 15795. 
16347 .33 16347.34 16337. 
16469 .00 16468. 16469 .00 16467 .5 


9955 


23829 .80 23821.51 23830.09 23830. 


22554.00 22551 .95 Ya ns x ed | 5 


ilues cited from Graybeal’s paper. No corrections for centrifugal effects 
Values calculated by using the rotational constants given by Graybeal. No corrections for 


centrifugal etfects 


the energy of the rotational states with J as 
high as ten. Asa result his values of A are 
larger than the present ones by about 13 Mc. 
sec. (Table VI). On the other hand the con- 
stants of the present paper reproduce the 


d 1.158A, and ZCCN-=180°. The remain- 
ing five parameters were determined by the 
method of least-squares using the values of A 
and B, as shown in Table IV. 

Nuclear quadrupole coupling constant 1s 
calculated for CH.’ CICN from the transitions 
l lio, 3 >3,;., and 6 >6, ;, and given in 
Table IV. If the electronic charge distribution 
about the C--Cl bond is assumed to be 
cylindrical, the quadrupole coupling constant CH, 
along the C--Cl bond axis is 80 Mc., sec. 


TABLE VI. COMPARISON OF THE ROTATIONAL 
CONSTANTS (IN Mc./sec) OBTAINED BY GRAYBEAIL 


AND BY THE PRESENT AUTHORS 
CICN CH:;**CICN 


Graybeal Present Graybeal Present 


The value is consistent with that observed in 4 25284.77 25271.30 25135.17 25122.52 
the solid state, 76.25 Mc.,sec. The hyperfine 
structures due to the nitrogen nucleus were 
not resolved. 


3151.61 3151.01 3081.77 3081.13 
2849.90 2848.80 2790.84 2789.56 


frequencies of low-J transitions in good agree- 
Discussion ment with the observed ones. If the centrifugal 
distortion is taken into account, the rotational 
constants given in the present paper would 
account even for high-J transitions (Table III). 
Graybeal reported the C—Cl bond length to 
be 1.767A and the C—C bond length to be 
1.472A (Table IV). If isotopic species of 
carbon or nitrogen atoms were not available 
as in his study, it would be difficult to deter- 
mine these two parameters separately. The 
correction due to the inertia defect has not 
been taken in the H-:--H distance obtained by 
Graybeal, thus the structure of the CH» group 
reported by him is not reliable. 
The value of the quadrupole coupling 
constant of chlorine nucleus is observed to be 
80 Mc./sec., which is slightly higher than 
that of propargyl chloride (—75.8 Mc./sec.)” 


A quite normal value 1.78I5A is obtained 
for the C Cl bond length, which is very close 
to the value obtained for propargyl chloride, 
1.780 A, hence it is sure that neither a double 
bond structure nor an ionic structure con- 
tributes so much to the electronic configuration 
in the ground state of this molecule. 

The center frequencies measured by 
Graybeal'? are shown in Table V. Some of 
them are confirmed by the present investigation 
within the experimental error, but others show 
a definite discrepancy. Graybeal calculated the 
center frequencies by using the rotational 
constants given in Table VI. However, some 
of them are also in error by as much as 10 
Mc./sec. It is found that the 6 expansion 
formula he used” is insufficient for calculating 


4) J. D. Graybeal and C. D. Cornwell, J. Phys. Chem., 5) Graybeal used likely the expansion formula given 
62, 483 (1958). by King, Hainer and Cross (J. Chem. Phys., 1, 27 (1943)). 
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or of ethyl chloride (—70.07 Mc./sec.)°*. This The authors wish to express their sincere 
fact may be accounted for by the presence of thanks to Dr. Makoto Shima, Institute for 
the electronegative cyano group, since this Physical and Chemical Research, for supplying 
reduces the ionic structure of the C—Cl bond. them with heavy water. The expenses for this 
The present value of the quadrupole coupling research were defrayed from the Scientific 
constant of chlorine nucleus would be more Research Encouragement Grant of the Ministry 
reasonable than Graybeal’s value — 76.36 Mc. of Education to which the authors’ thanks are 
sec., since the (absolute) value obtained in the also due. 

vapor phase is usually larger than that in the 


solid phase by several megacycles and the Department of Chemistr) 
coupling constant of monochloroacetonitrile Faculty of Science 
is 76.25 Mc./sec. in the solid state. The University of Tokyo 


Hongo, Tokyo 
6) R.S. Wagner and B. P. Dailey, ibid., 26, 1588 (1957 


Microwave Spectrum of Propargyl Halides. I. Molecular Structure, 
Dipole Moment, and Quadrupole Coupling Constant of 
Propargyl Chloride 


By Eizi Hirota and Yonezo MorRINO 
(Received September 5, 1960 


The C—Cl bond length in propargyl chloride effect of the J=1->2 lines of carbonyl sulfide 
CH.CIC = CH{Iwas found by Pauling, Gordy *OC*S at 24325.94 Mc. /sec.. The vacuum system 
and Saylor” to be 1.82+0.02 A. It is remark- WS designed in such a way that the sample flew 
ably longer than C—Cl lengths observed in a continuously through the cell, its pressure being 


es ; ‘ . estimated by a Pyrani gauge. The cell was cooled 
number of other aliphatic chlorides. However, . - = Aang er 


: : : with dry ice when necessary. The frequency of 
pe valine obtained in the aetna pages ? microwave was measured by the technique developed 
1.7802 A, was close to the usual C—Cl bond py Shimoda. The out-put power of microwave 
length. was detected by another silicon crystal and fed 

The present paper will include the observa- into a narrow band amplifier tuned with 100 Kc./sec 
tion and the analysis of rotational spectra of | and then detected by a phase-sensitive detector. 
two other isotopic species, CH.°°CIC=CD and The signal was amplified by a low-frequency 
CH,"*CIC =CD, and will give a molecular amplifier and observed on a cathode ray oscilloscope 

Or on a recorder. The ultimate sensitivity was 


structure more reliable than the previous one. : . 
about 5x 10°°cm~! when the recorder was used®. 


Propargyl chloride was synthesized by Dr. T. 


Experimental : ss 
Shimozawa by the chlorination of  propargyl 
The spectrometer used was similar to that re- alcohol®. The deuterated species CHs-CIC=CD was 
ported by Shimoda, Nishikawa and Itoh». A_ 100 obtained by mixing normal propargyl chloride with 
Ke. sine wave modulation was used. The micro- heavy water which was made slightly alkaline by 
wave was generated by klystrons, 2K26, 2K25, 8V77, adding a small quantity of anhydrous sodium 
X-12, and X-13, and the frequency was multiplied carbonate. 
by a silicon crystal. The frequency range covered 
was from 7000 Mc./sec. to 36000 Mc./sec. An X- Results 
band absorption cell of 3 m. in length was employed, 
and the Stark electrode was supported by Teflon Rotational Spectra and Rotational Constants. 
tape grooved at its center. The spacing between Propargy! chloride is a nearly prolate sym- 
the electrode and the cell was not measured, but metric top, and the a- and b- axes are in the 
the calibration was made by observing the Stark 
4) S. A. Marshall and I. Weber, Phys. Re 105, 1502 
1) L. Pauling, W. Gordy and J. H. Saylor, J 4) 1957 
Chem. Soc., 64, 1753 (1942 5) K. Shimoda, J. Phys. Soc. Japan, 9, 378 (1954 
2) E. Hirota, T. Oka and Y. Morino, J. Chem. Phys., 6) « Matsumura, E. Hirota and Y Morin This 
29, 444 (1958). Bulletin, to be published 
3) K. Shimoda, T. Nishikawa and T. Itoh, J. Phys. 7 T. Chiba IT. Shir ‘ I. Miyagawa and Y. 


Soc. Japan, 9, 974 (1954) Morino, This Bulletin, 3, 223 (1957) 
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TABLE I. OBSERVED AND CALCULATED FREQUENCIES OF THE SPECTRA IN THE GROUND 
VIBRATIONAL STATE (Mc./sec.)* 

CH,*CIC=CH CH,*CIC=CH CH:5CIC=CD CH:*CIC=CD 
Obs Calcd. Obs. Calcd. Obs. Caled. Obs. Caled. 
a-Type 
20,293 17559.47 17559.49 17194.93 17195.16 16494.03 16494.16 16153.62 16153.69 
21.2-93 17117.51 17117.56 16769.44 16767.89 16085.85 16085.84 15758.59 15758.66 
2 3 18023.22 18023.67 17643.00 17644.90 16919.85 16922.17 16567.43 16567.27 
3 44 23397.48 23397.50 21526.20 21525.66 
31.3741 4 22819.59 22819.50 21444.19 21444.31 21008.84 21008.26 
3; 4 24028.26 24027.56 23520.91 23520.66 
3 4 23429.2, 23428.80 
3. 1-4 23460.52 23460.76 
4, 4-5 29222.29 29222.55 28617.83 28618.03 27452.20 27452.01 26887.05 26886.87 
4,45 28518.24 28518.16 27936.00 27936.02 26800.23 26779.84 26255.39 26255.11 
4 Sr 4 29281.78 29281.64 28672.8 28673.52 27504.77 27504.40 26936.60 26936.20 
4 »5 29345.7, 29345.55 27560.52 27560.76 26988.42 26989.13 
le 29302.15 29302.58 28694.4 28693.31 27523.16 27523.20 26953.83 26954.03 
4 5 29394.00 29394.71 28193.52 28193.40 
b-Type 
Z 2 21067.5 21067.11 
3 3, 21495.43 21495.16 21364.7 21365.02 
4,4-°4 22921.58 22921.47 
5 , 23727.87 23726.87 22816.32 22817.10 
6 6 24719.31 24719.17 24508.91 24508.92 23728.20 23729.56 23520.15 23521.57 
7 7) 25911.16 25911.93 25656.94 25657.54 24822.98 24825.12 24575.30 24577.65 
8y.5—8, 27319.22 27320.31 27011.07 27012.77 26114.84 26117.23 25819.24 25822.33 
9, o—9; 28958.40 28960.73 28587.43 28590.16 27615.44 27620.62 27263.97 27269.54 
0 |, 27077.01 27077.01 26868.46 26868.46 26008.25 26008.25 25797.49 25797.49 
7 8 29132.01 29130.87 
11. 12 17442.95 17435.36 
12 13 25079.7 25072.4 
The centrifugal distortion is assumed to be —Dy;xJ(J+1)K D,J-(J —1)-, with D7 x 
0.057 Mc./sec. and D 0.0021 Mc. /sec 
Taste Il. ROTATIONAL CONSTANTS AND PRINCIPAL MOMENT OF INERTIA IN THE GROUND 
VIBRATIONAL STATE* 
CH:®CIC=CH CH:;*?CIC=CH CH.*CIC=CD CH:?*CIC=CD 
Calcd. )** Calcd.)** (Calcd. )** (Calcd. )** 
1 24299.28 (24300.75) 24146.48 (24144.91) 23396.70 (23396.74) 23238.18 (23236.39) 
B 3079.77 (3080.72) 3013.80 3014.82) 2890.33 (2890.24) 2828.85 (2828.84) 
C 2191.73 2778.31) 2721.98 (2722.64) 2611.55 (2611.56) 2559.31 (2550.40) 
b 7.06709 « 10 6.85720 « 10 6.75178 x 10 6.56026 ~ 10 
1 20.80436 20.93601 21.60694 21.75433 
1 164.146 167.739 174.904 178.705 
/ 181.994 185.722 193.575 197.526 
* Rotational constants are given in Mc./sec. and principal moments of inertia in amu A2. 
Conversion factor 505531 Mc./sec.amu A® is used. 
** Values are calculated by using the set of structure parameters (1) given in Table V.. 


symmetry plane. Thus the dipole moment has 
components along the a- and_ b-axes, and 
transitions of both a- and b-types are observed. 


The observed spectra are listed in Table I, 
where center frequencies are given. The as- 
signment is made mainly by the b-type Q- 
branch series, Jo,y-Ji,y The quadrupole 


hyperfine structure due to chlorine atom is of 
some use to check the assignment. 
The b-type Q-branch series mentioned above 


give the rotational constants [A—(B+C)/2] 


and the asymmetry parameters bp, whereas the 
by 
The 


and B—C are obtained 
a-type R-branch lines. 


B+C 
the 


constants 
measuring 
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since their fre- 
The rotational 
parameters are 
moments of 


05,071 lines are 
quencies are equal to A+C. 
constants and the asymmetry 
given in Table II, where the 
inertia are calculated by using the conversion 
factor 505531 Mc. ‘sec. amu A’. The frequencies 
calculated by using these rotational constants 
are compared with the observed ones in Table I. 

In the course of searching, the spectra of 
two excited vibrational states were found. By 
comparing their intensities with those of the 
ground state, one is assigned to the CCCI 
bending mode and the other to one of the 
C C=C bending modes. The center frequen- 
cies and the rotational constants derived from 
them are listed in Table III. 


important 


TABLE II]. OBSERVED AND CALCULATED FRE- 
QUENCIES OF THE SPECTRA AND ROTATIONAI 
CONSTANTS IN THE EXCITED VIBRATIONAL 
STATES (CH:®CIC=CH) (Mc./sec.) 


State I (dCCC1) State Il (6CC=C) 


Obs. Caled. Obs. Caled. 
2 35.3 17597.0 17592.7 17545.4 17545 .4 
0 1,1 27230.76 27230.8 
¢ 6,5 24926.32 24926.7 
7 7 26141.31 26142.4 
8 8, 275;6.77 27578.2 27184.66 27185.2 
) 9, 28809.18 28810.5 
1 (1; ) 24450.2 (150.9) 24214.6 84.7) 
Bi 3;) 3088 . | (—8.3) 3076.09 (3.68) 
C(zi) 2780.6 (—2.9) 3776.60 1.13) 
h 7.14570 x 10 7.03413» 10 
Structure Analysis. — The structure of pro- 


pargyl chloride is specified by eight parameters: 
C—Cl, C—C, C=C, methylenic C—H, and 
acetylenic C-—-H bond lengths, and CCC!, HCH 
and CCH bond angles, the C--C=C--H group 
being assumed to be linear. The distance 
between two hydrogen atoms in methylene 
group is directly given by the quantity [(/, 

I, —I-)/mu|\ The four kinds of isotopic 
species give fairly close values for the distance, 
as shown in Table IV. However, as Laurie 
pointed out, the inertia defect J makes this 
distance short and the angle HCH apparently 
small. Since the data on the isotopic molecules 
for which deuterium is substituted in the 
methylene group were not available, it was 
difficult to see how much the inertia defect 
If the value is assumed to be 0.2194 amu 
A as found for chloroacetonitrile’’, the distance 
H---H becomes 1.7715A. In the following the 
molecular structure is calculated by assuming 
_! equal to zero or 0.2194amu A’. 


was. 


8) V. W. Laurie, J. Chem. Phys., 28, 704 (1958). 
9) K. Wada, Y. Kikuchi, C. Matsumura, E. Hirota, and 
Y. Morino, This Bulletin, 34, 337 (1961). 
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TABLE IV. THE HYDROGEN TO HYDROGEN 
DISTANCE IN METHYLENE GROUP 


1,-I,+1 H---H 
amu A*) (A) 
CH,2°CIC=CH 2.956 1.712 
CH.,**CIC=CH 2.953 1.711, 
CH.“CIC=CD 2.936 1.706 
CH.,"CIC=CD 2.933 1.705, 


The inertia defect arises from the zero-point 
vibration, and it is accepted from the case of 
water molecule'? that the contribution of low- 
frequency vibrations to inertia defect is larger 
than those of high-frequency ones. The CCCI 
and C—-C=C bending modes are mentioned as 
the low-frequency vibrations in propargyl 
chloride, and the rotational constants are 
obtained in the excited states of these two 
vibrations as stated above. It is interesting to 
see how much the inertia defect and the dis- 
tance H---H are changed if the rotational 
constants are corrected for these two vibrations. 
The corrected rotational constants, A’, B’, and 
C', are given by 

= (1/2)(a a.) 
B’ = By + (1/2) (8: + 82) 
and C'=C,+ (1/2) (714+ 72) 


where a, §:, 7: and a, $8, 72: denote the 
changes of rotational constants due to the two 
vibrations. Their observed values are 24266.2 
Mc./sec., 3077.5 Mc./sec. and 2776.8 Mc./sec., 
respectively. The H---H_ distance, 1.738A, 
calculated by using A’, B’ and C’ is in fact 
fairly larger than that obtained by A), B, and 
C,, 1.709 A, but still smaller than 1.772 A which 
was obtained by assuming J -0.2194amu <A?°. 
The parameters other than the H---H distance, 
seven in number, are to be determined by the 
remaining eight constants. Not all parameters 
can be determined by the present data, hence 
several assumptions are necessary. It is re- 
cognized that the C=C bond length is relatively 
constant, irrespective of the attached groups. 
The value 1.207 A is assumed for this length'''™, 
The acetylenic C--H bond length makes a 
small contribution to the rotational constants, 
hence the value 1.06A is assumed for this 
distance without strong influence upon other 
parameters to be obtained’. The _ lengths, 
C—H and C-—D, are assumed to be the same. 
The groups C-—-C=C and C—C==N are usually 
considered linear, though the detailed investiga- 
tions gave slightly bent structures’. Here the 
10) B. T. Darling and D. M. Dennison, Phys. Rev., 57, 
128 (1940). See also Ref. 8. 
11) G. Herzberg and B. P. Stoicheff, Nature, 175, 79 (1955). 
12) C. C. Costain and B. P. Stoicheff, J. Chem. Phys., 
30, 777 (1959). 
13) C.C. Costain and J. R. Morton, ibid., 31, 389 (1959): 


E. Hirota and Y. Morino, This Bulletin, 33, 158, 705 
(1960). 
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linear structure is also assumed. Two additional 
assumptions are the methylenic C—H_ bond 
length equal to 1.09A and the CCH bond angle 
equal to 111°30'. These two 
especially the latter, affect considerably the 
rotational constant A, in spite of the light 
weight of a hydrogen atom. Hence some 
precaution must be taken for selecting the 
assumed values for these parameters. 

First, the inertia defect is set equal to zero. 
The methylenic C-—-H bond length and the 
CCH bond angle are assumed to be 1.09A and 
111°30’, respectively. The eight rotational 
constants, A and C for each isotopic molecule, 
are used to determine the C--Cl and the C—C 
bond lengths, and the CCCI bond angle. They 
are found to be 1.7800 A, 1.4582 A, and 112-9’, 
respectively (Table V). If the bond 
CCl and C--C become longer, both 
C decrease, on the other hand the A increases 
and the C decreases with the increase of the 


parameters, 


lengths 
A and 


TABLE V. STRUCTURE PARAMETERS UNDER 


VARIOUS ASSUMPTIONS 


Assumption Result 


Set ‘ ; 

ile A? 4 CCH : ’ AS 
I 111-30 
I] 2194 107 30 
Il .2194 109 30’ 


II, .2194 111 30’ 


.4582 
.4766 
.4724 
.4690 
Other assumptions 

C=C 1.207A 
C—H (methylenic) 1.09A 
C—H=C—D (acetylenic) 1.06A 
C—C=C-—H(D) linear 
of the 
somewhat 


Thus the determination 
CCCI angle is definite, but it is 
difficult to determine two bond lengths sepa- 
rately. Still it is feasible to obtain fairly good 
results for the two bond lengths. 


CCCI angle. 


The fitting 
of the calculated constants with the observed 
is carried out by the least-squares method, the 
mean deviation is 0.00051A for the C—Cl 
bond length, 0.00062A for the C—C bond 
length, and 0.54’ for the CCCI bond angle. If 
the assumed value for the C=C length, 1.207 
A, is in error by 0.01 A, the C—Cl is changed 
by 0.001 A, the C—C by 0.007 A, and the CCCI 
by 2:5’. 

Thus far, the analysis gives reasonable results. 
However, the inertia defect is by no means 
equal to zero, and its effect is obvious if the 
HCH angle is calculated to be 103°14' by 
using the observed H---H distance 1.709A and 
the assumed C—-H (methylenic) distance 1.09 A. 

In the second place, the inertia 
assumed to be 0.2194amu A’. This 


defect is 
value is 


borrowed from the result for the chloroaceto- 
nitrile molecule. An analysis by the 
squares method is carried out by using three 
values for the CCH angle, 107-30’, 109-30’ and 
111°30’. The methylenic C—H length is fixed 
to 109A. As stated above, the HCH angle 
becomes 108-42’, a quite reasonable value 
The results obtained for the C—Cl! and the 
C—C lengths, and the CCCI angle are listed 
in Table V. The CCCI bond angle is relatively 
independent of the values assumed for the CCH 
angle ; however, the two bond lengths are varied 
by 0.008 A. It is difficult to say which case is 
the most reasonable, but the length of the C —¢ 
bond adjacent to the triple bond is reported about 
1.460 A in a number of related molecules 

In this respect the case 111°30' for the CCH 
angle is the most favorable, where the C--C 
length is 1.4690A. It is yet by no means 
clear whether or not the assumed value for 
the inertia defect is reasonable. It is felt that 
the inertia defect slightly less than 0.2194 amu 
A’ is more reasonable, since the C-—-C bond 
length then becomes somewhat shorter than 
1.4690 A. The parameter which are 
considered the most reasonable at present, are 
given in the last column of Table VI, where 
errors are attached by taking into account the 
zero-point vibration, inadequacy of the assumed 
parameters, and so on. 


least- 


values, 


TABLE VI. 
C—Cl 1.780--0.003A 
c—C 1.465 0.0074 
eo 111-50’ +20 
HCH 108-42’ 1 
CCH 111°30' +1 


MOLECULAR STRUCTURI 


Assumptions 
C=C 1.207A 
1.094 
1.06A 


C—H (methylenic 
C—H(D) (acetylenic 
C—-C=C-——-H(D) linear 


of Chlorine 
quadrupole 
measuring 
rotational 


Quadrupole Coupling Constant 


Atom.— The chlorine nuclear 

coupling constant is determined by 
the hyperfine structure of eight 
transitions of the most abundant 
CH.**CIC=CH. By the lack of accidental 
degeneracy in rotational energy only the two 
components of the coupling constant, Z,, and 
Z»». are obtained. The least-squares method 
gives Z 30.4 Mc./sec. and Z, 7.5 Mc. 

sec. The hyperfine structures calculated by 
using these values are compared with the ob- 
served ones in Table VII. 

A similar analysis is carried out on the 
hyperfine structures of eight transitions of 
CH.’°CIC=CD, but it is found that the values 

28.2 Mc./sec. and 9.7 Mc./sec., which are 


species 





“ 
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TABLE VII. HYPERFINE STRUCTURES OF 


Microwave Spectrum of Propargyl Halides. I 


w 
te 
wa 


THE CHLORINE NUCLEAR QUADRUPOLE 


COUPLING CONSTANT (Mc./sec.) 


CH:=CIC=CH 


CH:=CIC=CD 


Transition F"' + F 
Obs. Caled.* Calcd.—Obs. Obs. Caled.** Calcd.—Obs. 
7/2 9/2 1.08 1.09 0.01 1.08 1.05 0.03 
5 2 5/2 7/2 0.88 0.83 0.05 0.57 0.74 0.17 
7 . a/Z S$/Z 2.34 2.2 0.06 2.56 5 a 0.31 
iz 3/2 0.28 0.36 0.08 
9/2 11/2 0.97 1.05 0.08 
3, 4 7/2 9/2 1.82 1.85 0.03 
7 5/2 7/2 0.74 0.81 0.07 
S/z Siz 2.08 2.09 0.01 
9/2 11/2 0.80 0.98 0.18 
3 4is 7/2 9/2 0.07 0.13 0.06 
Sfz Tf 1.00 1.17 0.17 
7/2 7/2 5.63 5.26 0.34 
2 43 ale afz 1.58 1.58 0.00 
— 9/2 9/2 2.32 2.63 0.29 
ye a 3 6.52 6.31 0.21 
9/2 9/2 4.51 4.52 0.01 
4 4 ie Ff2 1.95 2.03 0.08 
11/2 11/2 2.40 2.59 0.19 
§/2 §/2 5.16 5.08 0.08 
11/2 11/2 4.07 4.23 0.16 4.29 4.37 0.08 
« « 9/2 9/2 2.38 2.29 0.09 pa 2. 2.37 0.22 
; 13/2 13/2 2.69 2.65 0.04 2.55 2.73 0.18 
7/2 ‘iz 4.45 4.59 0.14 4.61 4.73 0.12 
3/2 13/2 4.21 4.10 0.11 4.24 4.25 0.01 
— 11/2 11/2 2.65 2.49 + —0.16 2.67 2.57 0.10 
15/2 15/2 2.94 2.74 0.20 2.92 2.83 0.09 
9/2 9/2 4.45 4.35 0.10 4.51 4.50 0.01 
3/2 3/2 4.02 4.06 0.04 4.10 4.21 0.11 
7 “~ 13/2 13/2 2.67 2.66 0.01 2.67 2.49 0.08 
i 17/2 17/2 2.84 2.84 0.00 —2.86 2.95 0.09 
2 11/2 4.25 4.25 0.00 4.30 4.40 0.10 
ain fIf2 4.10 4.08 0.02 4.30 4.23 0.07 
g g 16/2 15/2 2.85 mF, 0.03 2.98 2.92 0.06 
19/2 19/2 3.02 2.97 0.05 3.09 3.08 0.01 
13/2 13/2 4.24 4.23 0.01 4.51 4.38 0.12 
19/2 19/2 4.06 4.1 0.08 4.30 4.29 0.01 
9 9 17/2 17/2 2.98 2.98 0.00 3.13 3.09 0.04 
mi/2 Zif2z 3.06 3.11 0.05 : Bee ie 0.00 
15/2 15/2 4.21 4.26 0.05 4.46 4.42 0.04 


* Tas 30.4 Mc./sec. and 7 7.5 Mc./sec. are used 
~~ Ba 28.2 Mc./sec. and Z 9.7 Mc. /sec. are used 


CH.BrC CH indicated that the asymmetry 
CIC=CH by transforming the principal axes, The values of Z,. and 
explain the hyperfine structures sufficiently Z»» Obtained above give Z, 75.8 Mc. ‘sec., 
well. under the assumption of the cylindrical sym- 
metry of charge distribution about the CCl 
The result is consistent with the value 


calculated from coupling constants of CH 
parameter was small’. 


If the values of Za. and Zp» Were accurate, 
the rotation of the principal axes due to the bond 
deuterium substitution might give the asym- in the solid state, 71.6246 Mc. ‘sec. 
metry parameter, but the present data do not Dipole Moment. The dipole moment has 
warrant such a procedure. On the other hand, two components; one along the a-axis and the 
the second-order effect observed for the bro- other along the b-axis. The Stark effect of 
mine nuclear quadrupole hyperfine structure the 0 >| transition of CH.’°CIC=CH is 
of rotational spectra of propargy! bromide measured to obtain the two components of the 


14) Y. Kikuchi, E. Hirota and Y. Morino, J. Cher 1S) T. Shimozawa, T. Chiba. 1. Miyagawa and ¥ 
Phys., 31, 1139 (1989); This Bulletin, 34, 348 (1961 1 1.. to be publishes 
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dipole moment. The presence of the chlorine 
nuclear quadrupole moment makes the Stark 
effect complicated, but it is possible to analyze 
the Stark effect of the 0o,,—>1;,; transition, since 
the J number associated is small’. 

The quadrupole energy of the state 1,,; is 
small, hence the weak, the intermediate, and 
the strong field cases are successively met with 
the increase of the Stark electric field. The 
quadrupole energy is zero for the state 0 

The calculation of the Stark effect and the 
quadrupole effect is carried out by taking the 
wave function, |JJrM,M,>, as the basis. The 
matrix elements of the Hamiltonian for the 
Stark effect Hy are diagonal in M, and M,, 
but they connect different rotational 
The state 0,» couples with states 1ly,,; and 1),:, 
and the state 1;,; with states 1,,0, 2:,2, 00.0, 2 
and 2 by the Hamiltonian H,. The dif- 
ferences in rotational energies are greater than 
the Stark or quadrupole energies, so that the 
second-order perturbation is sufficient to calc- 
ulate the Stark effect Thus, it is reduced 
to the form; 


(JztMjM1\ He \IJ'ct'MsMz1)\* 
, E; t 


States. 


<9 
Jt Eyre 


(a BM ,")e 


where ¢ is the Stark field strength, and a and 
8 are constants depending upon the rotational 
constants, the rotational quantum numbers, 
and the dipole moment. 

The Hamiltonian for the quadrupole energy, 
He, has matrix elements, diagonal as well as 
nondiagonal with respect to My, and My. 
Matrix elements between different rotational 
states are ignored, since the first-order perturb- 
ation is sufficient enough to treat the quadrupole 
energy. The matrix elements appropriate at 
present are as follows: 


(lJz-M ,M, Ho\IJzM,'M;') 


P(3M,°—I(I+1)) [(3M,?—J(J+1)] 
(M,'=My, M1'=Mr) 

P(3/2+3M,M,-+-3(M1+1)(M,+1)]) 

x { UU+ 1) —-M1(M1=+1)]) 

x [(J(J +1) —M7(My+1)) }} 
(M,'=My+1, M1'=M1=1) 

P(3/2){ [J(J+ 1) —My(My+1)] 

x [J(J+1) — (Mj+1) (M72) ] 

x 1+ 1) —M1(M,=+1)] 

x [11+ 1) — (M+ 1) (M12) }'/? 
(M,'=M +2, M1'M1=2) 

16) F. Coester, Phys. Rev., 77, 454 (1950). 


17) S. Golden and E. B. Wilson, Jr., J. Chem. Phys., 16, 
669 (1948). 
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where P is given by 
P=({haa[J(J+1) +E(«) 
2% vv (OE(K) /dn) 
Nee lJ(J+ 1) —E(e) 
(c—1) (E(k) /dx)] }/ 


(c+1) (OE(«) /d«)| 


[4J(J+ 1) (2J—1) (2J4+-3)1(2I—1)]) 
which is reduced for the state 1;,; to 
P(1;.1) (1/60) Zev 
Secular determinant for the state 1;.; factors 
into three groups, corresponding to Mr=M,+ 
M,=5/2, 3/2 and 1/2, respectively. Secular 


determinants are all doubly degenerate. The 


case M,=5/2 is the simplest, since the wave 
function belonging to Mr=5/2 is |M,, Mr> 
l, 3/2> or |-—1, 3/2>. The secular 


equation is 


3P+(a+ 8)<-2—W=0 


The two pairs of wave functions, [| 1, +1/2>, 
0, +3/2>]|, belong to Mr=3/2 and give rise 
to a two-dimensional secular equation: 
3P+-(a+B)e2?—W 3Y 6 P 
3V6P 6P+as*—W 


0 


The wave functions corresponding to Mr=1/2 
are |-1, £1/2>, |0, =1/2> and |+1, +3/2>, 
and the secular equation is 
3P-(a+S)e2-W -3V6P 6/3 P 
3V6P  6P+ae2—W 0 0 
6V 3 P 0 3P+(a+ B)e?—W 


If the field strength ¢ is equal to zero, the 
secular equations give the following energy 
States: 

W,=3P F=5/2, Mr=5/2 

W 3P O/ 2s 3/2 

W..= —12P 3/2, 3/2 

W;,=3P S/S 1/2 

uv 12P 3/2, 1/2 

W23=15P t/zZ, 1/2 


Here the representation |JFM;Mr> rather than 
IJM;M.s> is good. There are only two states 
|F, Mr>=|3/2, 1/2> and |3/2, 3/2> possible 
in the rotational state 0 Since the selection 
rule is JMr=0, transition to the state W, is 
forbidden and two pair states W2, and W3, 
and W.. and Ws32 are degenerate, there are 
three hyperfine lines. If the Stark field in- 
creases so that the Stark energies ae? or Se’ 
are larger than P, the strong field case is 
aproppriate. The secular determinantes de- 
scribed above give the following states: 
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W (a Pye SP M,s=1, M1=3/2 

W2,= (a+ 8)e?—3P l 1/2 

W ac’ —6P 0, 3/2 

W (a+ 8)e?+3P - 3/2 

W ae’? +6P 0, 1/2 

W (a+ B)e?—3P & 1/2 
This case can be expressed by the representa- 
tion JJM,;M,>. The rotational state 0 
involves two states |M,;, M;>=|0, 1/2> and 
0, 3/2>. Two transitions to the _ states 


W..(M,=0, M,=3/2) and W;.(M,=0, Mr 
1,2) are allowed by the selection rules, JM, 
0 and JM,=0. 

The solutions for the intermediate case are 
obtained by solving the secular determinants 
given above. Ejigenfunctions are obtained to 
calculate the transition probabilities. The 
change of the hyperfine patterns with the elec- 
tric field, the frequencies and the _ intensities, 
is given in Fig. 1. 


4 - Pail wa 
z Ht a 
SR o_o 
x 1 
2s 
Fig. 1. Stark effect of the 0 -1,., transi- 


tion (CH,°CIC=CH). 


It is interesting to note that the transition 
to the state W.; in case ¢=0 shifts first to 
lower frequency with increasing electric field, 
stops at some field strength <), and then moves 
to a higher frequency. The observed intensity 
reduces to zero at ¢, because the Stark 
modulation is used for the measurement. This 
is also the case for the transition to the state 
W,;, at ¢=0. The case My=3/2 is considered. 
The solutions are obtained by solving the 
secular equation, that is 


w+ (1/2) [9P— (2a + 8)e?] 
+ [((1/4) (3P+ 8e?)°+54P?] 


The line mentioned above corresponds to the 
transition to the state W* and its frequency 
is given by 

y= (Wt + aoe?)/h 


where —ape? is the Stark effect of the state 
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0)... Then the electric field <¢,, at which the 
Stark effect of the line changes its sign from 
minus to plus, is given by 


(P’3) 3-- |216(2a 2a 


5) a) 2 
iW (2a 2a-+)*) | 


The constants, a, a and 3, are functions of 
two components of dipole moments, /#, and /*». 
The Stark effect of the strong field case gives 
a) a@- 3 and ¢, thus obtained provides another 
information on a, a and §. 

The two components thus found are /, 
0.98; D and ™, 1.36, D, and the total moment 
f,—1.68 D. There are four choices for the 
direction of the dipole moment, but it seems 
most plausible that the negative direction of 
the dipole moment lies between the C Cl 
and the C C=C H bonds, at an angle of 
16+7- from the former. The total dipole 
moment 1.68 D is compared favorably with the 
value obtained by the dielectric constant 
measurement, 1.65 D 


Discussion 


Pauling, Gordy and Saylor? explained the 
long C— Cl bond length by assuming a resonance 
structure Cl--CH.--C--C*—H, but the present 
result clearly shows that it is unnecessary to 
consider such a resonance structure. The C 
Cl bond was found to be a normal value of 
1.780 A. In addition to this, the resonance 
structure given above predicts a small quadru- 
pole coupling constant and a large dipole 
moment. These are not found in the present 
data either. Laurie and Lide observed the 
C-— Cl bond length in 1I-chloro-2-butyne to be 


TABLE VIII. COMPARISON OF MOLECULAR 
STRUCTURES 


Propargyl Methyl Ethyl 
chloride chloride chloride 
CH-CIC=CH CH.Cl CH,CH.CIl 
C—Cl (A) 1.780 1.781" 1.7785©) 
C—C (A) 1.465 1.5495) 
Z (C1) 75.8 74.740° 70.07© 
(Mc. /sec.) 
“w (D) 1.68 1.869" 2.05 


a) The present paper. 

b) S.L. Miller, L. C. Aamodt, G. Dousmanis, 
C. H. Townes and J. Kraitchman, J. Chem. 
Phys., 20, 1112 (1952). 

c) S. Geschwind, R. Gunther-Mohr and C. 
H. Townes, Phys. Rev., 81, 288 (1951). 

d) R. G. Shulman, C. H. Townes and B. P. 
Dailey, ibid., 78, 145 (1950). 

e) R.S. Wagner and B. P. Dailey, J. Chem. 
Phys., 26, 1588 (1957). 

f) C. P. Smyth, ‘ Dielectric Behavior and 
Structure ’*” McGraw-Hill Book Co., New 
York, N. Y. (1955), p. 269. 
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1.79. A'?®. The data were, however, not suf- 
ficiently accurate and in addition the presence 
of internal rotation complicated the problem. 
It is of some help to compare the constants 
of the propargy! chloride molecules with those 
of some other molecules. Table VIII shows 
such a comparison, where methyl and ethyl 
chlorides are taken as reference substances. 


The authors are greatly indebted to Profes- 
sor K. Shimoda, Mr. H. Hirakawa, and their 
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18) V. W 
(1959 


Laurie and D. R. Lide, Jr ibid., 31, 939 


Microwave Spectrum of Propargyl Halides. I. 
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sincere thanks to Dr. M. Shima, Institute for 
Physical and Chemical Research, for supplying 
them with heavy water. The expenses for 
this research were defrayed from the Scientific 
Research Encouragement Grant of the Ministry 
of Education to which the authors’ thanks are 
also due. 

Department of Chemistr) 

Faculty of Science 
The University of Tokyo 
Hongo, Tokyo 


Molecular 


Structure and Second-Order Quadrupole Effect 
of Propargyl Bromide 


By Yoshikazu KikucuHI, Eiji Hirota and Yonezo MorRINo 


(Received September 5, 


In the previous papes’? the C—Cl distance 
in propargyl chloride was reported to be close 
to the usual C-Cl bond length, 1.780-+0.002 A. 
The determination of the C—Br length in 
propargyl bromide is also of interest to obtain 
an additional assurance to the conclusion ob- 
tained in the previous paper. 

An anomaly due to accidental degeneracy in 
rotational energy has been observed in bromine 
nuclear quadrupole hyperfine structure of some 
b-type Q-branch transitions?®. The deviation 
from the first-order theory amounted to several 
megacycles. An analysis using the second-order 
perturbation has enabled us to know the 
direction of the principal axes and _ principal 
values of the quadrupole coupling constant of 
the bromine atom. It was found that the 
direction of the largest principal value of the 
coupling constants coincided with that of the 
C—Br bond and the asymmetry parameter was 
very small”*. 


1) E. Hirota and Y. Morino, This Bulletin, 34, 341 (1961 
2) Preliminary account is given in the paper, Y 
Kikuchi, E. Hirota and Y. Morino, J. Chem. Phys., 3 
1139 (1959 
Recently the microwave spectrum of ethyl iodide was 
measured by Kasuya and Oka®*’. They found a hyperfine 
structure of the iodine atom deviating from the first-order 
theory. 
3) T. Kasuya and T. Oka, J. Phys. So 


(1960 


Japan, 15, 296 


1960) 


Experimental 


The spectra of propargyl bromide, CH.**BrC=CH, 
CH,;"'BrC=CH, CH.2“BrC=CD and CH: BrC=CD, 
were observed by a Stark modulation spectrometer 
described in the previous paper. The two isotopic 
species of bromine have almost equal natural 
abundance, hence no special preparation was neces- 
sary. The deuterated samples were obtained by the 
method used for the preparation of deuterated 
propargyl chloride. 


Results 


Rotational Spectra and Rotational Constants. 

Propargyl bromide is also a nearly prolate 
symmetric top, similar to the chloride. The 
symmetry plane includes a- and b-axes, hence 
a- as well as b-type transitions are expected to 
be observed. 

Table I gives the observed center frequencies. 
Preliminary assignment is based on frequencies 
expected for the assumed structure and hyperfine 
patterns. Transitions of R-branch, 
Fig F+1.3 split into four lines and are 
easily identified by their characteristic hyperfine 
structures. The assignment of b-type Q-branch 
transitions is confirmed by plotting the asym- 
metry parameter bp versus the quantity 
A—(B+C)/2. 

The rotational constants and the asymmetry 


a-type 
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TABLE I. OBSERVED AND CALCULATED CENTER FREQUENCIES (McC./sec.) 


CH.’BrC=CH CH." BrC=CH CH."BrC=CD CH, BrC=CD 
Transition 

Obs. Caled. Obs. Caled. Obs. Caled. Obs. Caled. 

a-Type 
6 >7 9.7 29035.53 29035.59 28843.44 28843.46 27359.91 27359.92 27178.13 27178.01 
6 717 28460.66 28460.76 28275.01 28274.95 26820.29 26820.65 26644.31 26644.52 
6 »7 29721.56 29721.58 29520.15 29520.46 28001.53 27811.32 27811.37 
6 »7> 6 29099.90 29099.97 28906.35 28906.25 27419.44 27419.53 27235.99 27236.07 
62 472 5 29171.76 29171.81 28976.40 28976.40 27485.36 27485.50 27301.11 27300.52 
5 6 5 24903.78 24904.57 24739.83 24739.50 23466 .94 23310.34 
5 6 24399.30 24399.29 24240.00 24239.93 22993.25 22993.14 22841.84 22841.79 
514-6 25479.55 25480.30 25308.40 25307.79 24005 .60 23842.20 
4, ,-°5 20335.98 20335.82 20203.04 20202.97 19163.99 19163.81 19037.41 
3 it 16270.72 16270.71 16164.26 16164.38 15332.75 15332.94 15231.60 15231.63 
b-Type 

3 > 131 12 28406.9 28414.0 28270.2 28275.0 26945.4 26945.9 26815.7 26816.0 
125, 12-7 121,11 26906.93 26911.78 26791.33 26794.45 25545.00 25545.56 25435.05 25435.40 
Hye lly 25563.6 25566.2 25466.9 25468.0 24290.1 24290.0 24197.6 24197.4 
105. 101.9 24367.0 24368.6 24286.7 24287.3 23171.6 23171.9 23095.0 23094.6 
9) 991.5 23309.9 23310.7 23243.9 23243.9 22184.3  22183.7 22120.1 22119.7 
8, 5-81.7 22384.6 22384.2 22330.7 22330.0 21318.0 21317.9 21265.6 21265.4 
7 7 21578.3 21581.5 21538.3 21538.0 
6 6 20896 .0 20895 .5 20861 .7 20861 .0 
5 S14 20319.5 20319.8  20292.9 20292.7 
9, ,-10 26159.13 26164.36 25854.17 25860.54 


Tasie Il. ROTATIONAL CONSTANTS, ASYMMETRY PARAMETERS, AND CENTRIFUGAL 


DISTORTION CONSTANTS 


CH.*'BrC=CH CH.'BrC=CH CH."*BrC=CD CH.'BrC=CD 

{ obs. 21010.0 -3 Mc./sec. 20986.5 +3 Mc./sec. 20045 .8 3 Mc./sec. 20021 .0 +3 Mc./sec. 
caled. 21012.0 20987 .9 20047 .3 20022 

Bobs. 2169.31-+0.2 2154.37+0.2 2043.49 . 0.2 2029.28 +0.2 
caled. 2169.41 2154.51 2043 .06 2028 .96 

Cc obs. 1989.09 -0.2 1976.34+0.2 1874.70+0.2 1862.50 +0.2 
caled. 1989.19 1976.44 1874.36 1862.27 
hp 4.7600 x 10 4.7045 x 10 4.6662 « 10 4.6136 «10 
D 0.001 Mc./sec. 0.001 Mc./sec. 0.001 Mc./sec. ~0 Mc./sec. 
Dyk 0.0455 0.0432 0.0505 0.0460 


TABLE II]. THE HYDROGEN TO HYDROGEN DISTANCE IN METHYLENE GROUP (A) 


CH."*BrC=CH CH." BrC=CH CH."BrC=CD CH." BrC=CD 
r(H---H) 1.7098 1.7108 1.7092 1.7084 
parameters are given in Table II, and the fre- in Table III are close to each other, their 


quencies calculated by using these constants average being 1.7096A. The eight constants 
are compared with the observed ones in Table are left to calculate other structural parameters. 


I. A rough correction is made for the centri- Since the mass ratio of two bromine isotopes 
fugal distortion by assuming the expression Br and *'Br is almost equal to unity and the 
Dj J*(J+1)?—DikJ(J+1)K’;.. The observed bromine atom is located so close to the a-axis, 


values of D; and Dy;x are given in Table II. 
The number of structural 


Structure Analysis. 


parameters is the same as that of the chloride. 
Again the H-:-H distance 
is given by 


r(H---H) 


(C1, 


I,—I.)/mu) 


in methylene group 


(1) 


The values for the four isotopic species given 


the data are not 


parameters. 


to 1.060 A. The acetylene C 


sufficient to 


calculate seven 
The following values are assumed : 
methylene C--H is equal to 1.090A, ZCCH 
to 111°30’, C=C to 1.207 A, and acetylene C—H 


lengths are assumed to be equal. 
of the group C—C=C—H is 
By means of the method of least-squares the 


H and C—D bond 


The linearity 


again assumed. 





350 Yoshikazu Kikucui, Eizi Hirora and Yonezo Morino 


bond lengths C-—-Br and C—C and the bond 
angle CCBr are found to be 1.9415 A, 1.4549 A, 
and 111°59’, respectively. 

Thus far, the effect of inertia defect is 
ignored, but, as mentioned in the previous 
paper, the results given above for the three 
parameters do not change appreciably even by 
taking account of the inertia defect. In addition, 
since the weight of a bromine atom is more 
than twice as great as that of a chlorine atom, 
errors in the parameters C—Br and ZCCBr may 
be small. The results are given in Table IV. 


TABLE IV. MOLECULAR STRUCTURE 


C--Br 1.9415A H---H* 1.70964 
Cc—C 1.4549 A Z.CCBi 111-59 
Assumed values 
C--H (methylene) 1.090A 
H, C--D (acethylene) 1.060 A 
C=C 1.207A Z.CCH 30 


* Correction for the inertia defect is not made. 


Second-Order Quadrupole Effect. -- Theory 
indicates that the quadrupole energy is ex- 
pressed as follows, averaging over rotational 
states of an asymmetric molecule 


Eo CUJcF Ho lJzF ) 


, |UJeF| Hel lJ'c'F) . 
2s : (2) 
Ic Ey E, t 

Usually the difference in rotational energies 
E,-—E, -:, is much larger than the quadrupole 
energy hence the second terms may be omitted. 
For a nearly prolate symmetric top the first- 
order energy 


(J<F | Hq |IJzF ) {Naa [3K 


JUF+1) 
335 (a—1)Crabp® —SonCrbp 


n n 


2X4 yv> NC bp" —'} -FUIF) (3) 


FCF+1) 


is a good approximation for the quadrupole 
energy, where Ys; —eQ0’V/of’, f=a, b and c 
are molecule-fixed axes chosen as the principal 
axes of inertia, and f(JJF ) is Casimir’s function. 
However, if rotational energies E,- and E,-- 
are almost degenerate, the second-order terms 
can not be ignored. The matrix elements have 
been derived by Bragg>?: 


(IJcF | Hg| IJ+ Ac'F) 


9a(IJF ) (JeMy=J | %2z\| J+ At'My=J) 


(4) 


4) See, for example, M. W. P. Strandberg, ** Microwave 
Spectroscopy’”’, Methuen & Co., Ltd., London (1954), 
Chapter IV. 

5) J. K. Bragg, Phys. Rev., 74, 533 (1948) See also G. 
Racah, ibid., 62, 438 (1942) 


i Vol. 34, No. 3 
where Z; eQ0-V.0Z 
a=0, +1, +2, and 
9o = [(3C(C+ 1) —41+ 1) J(J+1)] 
~ (82(2I— 1) JCJ —1)] 
(FC F+ 1) —I1U1+ 1) —J(J+ 2)] 
x (U+ I+ F+2)Q-—J+F) 
x (J-—I+ F+1)(J+1-—F-+1)] 
87(27—1)J((2J+ 1)] 
(+9 + F + Zyl + e+ F 
KtE—J+P HS —I+F 
x d+ J—F+ 1)CU4+ J—F+2)) 
167(21— 1) ((2F+ 1) (J+ 1) (Sc) 


where C=F(F-+ 1)—IU+1)-—J(J+1). The 
(J|J-1) and (J| J--2) elements may be deter- 
mined from equations given above by the 
Hermitian property of He. The tensor com- 
ponent Yzz is expressed in terms of direction 
cosines M7, and Z,., etc., the components of 
eQq tensor referred to the principal axes a, b 
and c. The result is 


L2z2=(D; Dz." )} (D; Vz.) 
2), PD, Z 20, Dz. (6) 


(Z is a space-fixed axis), 


Sa —sF+F 
Ds —i+F 


207,07 Yi 


The asymmetric top wave functions as well as 
direction cosines belong to the representation 
of the four group Thus the matrix element 
of Zzz is zero unless the direct product of the 
representation of the two rotational states is 
equal to that of Dz; Dz Table V_ gives the 
symmetry of the direction cosines and the 
wave functions. 

The rotational wave function 


for a slightly 
asymmetric top molecule is approximately given 


by 


VY O=Sx+aSx bSxk 4 (7) 
where Sx is Wang’s symmetric top wave func- 
tion, and the coefficients a and § are given by 
Lide For propargyl bromide the wave func- 
tion of this type is sufficient to calculate 
the second-order quadrupole energy, since the 
asymmetry parameter of the molecule is small. 

Transitions of b-type Q-branches are observed 
to split into four lines by the quadrupole 
effect of bromine nucleus. For transitions of 
high J the first-order theory predicts that the 
splitting »,;-v; is equal to v»—v»,, but the 
deviation was observed, in particular, for the 
transition 12) ;.—>12 (Table VI). 

In applying the second-order theory described 
above the energies of the states which couple 
with the states 12)... and 12;;; are first cal- 
culated. The result is shown in Tables VII 


6) G. W. King, R. M. Hainer and P. C. Cross, J. Chen 
-. Il, 27 (1943). 
D. R. Lide, Jr., ibid., 20, 1761 (1952) 
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TABLE V. SYMMETRY OF DIRECTION COSINES AND WAVE FUNCTIONS 


Direction cosine K_, K E C; C;! C; 
O7.°, O2y", O20" e e A l l I 1 
O27-O72y. O22 e oO B l l l l 
07.0722, 07) Oo Oo B l l l l 
O2z29zy, Oze re) e B 1 | | ] 


TABLE VI. LINE SEPARATIONS OF HYPERFINE STRUCTURES OF b-TYPI Q-BRANCH LINES 


CH.*“BrC=CH CH." BrC=CH CH.*BrC=CD CH. BrC=CD 
Transition 
vo-v1 vin» vay bowl vive ward vow) wire ward yo—) BI—ws werd 
130, 13,012 4.14 41.43 6.99 3.30 35.04 5.40 3.71 43.70 7.69 3.04 36.60 6.09 
120,12 12; 10.47 40.59 ~0 6.81 33.48 1.71 8.55 42.58 2.42 6.25 35.15 2.80 
oui lliy 6.51 38.97 4.98 3.52 32.31) 4.0 6.87 40.80 5.21 5.59 33.88 4.50 
10), 10-10, 6.51 37.95 5.58 5.52 31.23 4.86 7.06 39.36 6.54 5.76 33.34 4.82 
) GQ) « 7.32 36.36 6.51 5.76 3.39 5.37 7.74 38.38 6.86 6.21 31.42 5.84 
8 81: 7.65 35.28 7.29 6.72 29.49 6.24 8.29 36.83 8.09 6.94 31.03 6.49 
7 71.6 4.89 40.74 Lodi 4.35 34.74 2.10 
6,6 6, 9.99 34.05 8.49 8.46 28.26 65 
5 Sis 16.08 13.9 28.0 
TABLE VII. Sratres CouPLING witH 12 AND THEIR ENERGY DIFFERENCES IN Me. sec 
E(12).12) —E(J't') 
State 
CH,"BrC=CH CH:*!BrC=CH CH.*BrC=CD CH. 'BrC=CD 
10 95006 .7 94384.4 89533 .3 88939 .3 
102 < 18110.3 17554.3 16109.0 15586.0 
Ilo; 26955 .9 27223 .1 26370. 1 26616.9 
12>; 78067 .2 77973 .8 74500 .4 74405. 1 
132.12 130783 .8 130361.7 124203 .3 123792.9 
145 15 111267 .7 110542.5 104862 .6 104170.4 
145 12 191185.0 190324.8 181064.9 180239 .9 
10 80545 .6 79884. 1 75641 .6 75014.2 
11, 23982.4 23756. 1 22405 .3 22188.0 
12; 12 12875 .3 12928 .3 12397 .7 12444. 1 
13,12 82010.7 81522.4 77457 .7 76994.7 
14; 15 122480 .5 121820.7 115690.4 115056.0 
TABLE VIII. STATES COUPLING WITH 12 AND THEIR ENERGY DIFFERENCES IN Mc./scc 
E(12).1.) —E't 
State 
CH:**BrC=CH CH." BrC=CH CH,"BrC=CD CH,'BrC=CD 
10; 97547.1 96888 .9 91904.6 91277.9 
10 49195.1 49830.0 48378 .4 48962. 1 
11 62763 .7 62276 .3 59067 .8 58608 .9 
11 94962. 1 95291.8 91501.1 91794.0 
12 144934.8 144930 .2 138584.9 138559 .3 
133; 38752.5 38579.1 36601 .2 36429. | 
13, 199018 .7 198653 .7 189544.5 189175.5 
14,, 114429.1 113658 .5 107812.3 107078 .5 
14,, 257371.4 256614.8 244522.1 243780. 1 
102, 45646.4 44958 .5 42227.2 41581.5 
11 76446 .2 76005 . | 72226 .3 71807 .5 
Ilo, 962.0 1324.9 1668 .2 2005.4 
12., 49895 .0 49948 .2 47797 .5 47838 .1 
135, 26703 .6 26470.8 24983 .3 24758 .8 
132,11 105599 ..8 105254.7 100246 .0 99909 .3 


14. 162004. 1 161313.4 153434.4 152765.8 
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IX. STRUCTURES OF 


CH. 


HyYPERFINE 
CH.**BrC=CH 


TABKE 


Caled. Obs Caled. 


99 .00 l 
26 0 


11 - 
.04 2 


63 


tyhytete 
hybho tot 


59 2 
.19 0. 
.62 l 
mY. ¥ 


hytetor 
tytvtete 


6 


tetyvtoty 
tytvtvte 


tytytoty 
tytlvtotiv 


STRUCTURES OF 


BrC=CH CH 


HYPERFINE 


CH. 


Caled. Obs. 


30.5 
20.4: 
20.3 
20.: 


30 
20. 
20 


20 


tyaretete 


tyhetote 


XI. 


H."'Br¢ 
316 Mc 
16 
403 


286 


| 


QUADRUPOLE 


CH 


sec. 


COUPLING ¢ 


CH. BrC 


13 
336 


3 


0 
58 
3 
4 
0 


2 
3 


0 


TABLE XII. COMPARISON Of 


Compound r(C—Br) 
1.9415 A 
1.939 A* 
1.9400 A*** 


Propargyl bromide 

Methyl bromide 

Ethyl bromide 

W. Simmons and W. E. 


H. Sharbaugh and J. Mattern, ibid., 
Dailey and N. Sol 


. 35. 


A. 
R. S. Wagner, B. P. 


OK 


KK 


and VIII where the states are chosen by sym- 
metry consideration. 


It is to be noted that the state Il.) is nearly 
degenerate with the state 12;.:;, while’ the 
energies of other states differ by more than 
10000 Mc./sec. from that of the state 12 or 
12 Since the symmetry of the state 11.4 is 


Hirota and Yonezo MoRINO 


BrC 


CH i 


259 Mc./sec 


Anderson, Phys. 


[Vol. 34, No. 3 


sec.) 


CH."'BrC=CD 


R-BRANCH LINES (Mc. 
CH.2"BrC=CD 


a-TYPE 
CH 


Obs. Calcd. Obs. Calcd. Obs. 


0.91 1.76 
0.30 0.19 
.23 1.10 
.84 2.70 


1.59 
0.16 
0.98 
2.30 


2.10 
0.12 
1.34 
Podt 


2.54 
.16 


.62 


54 
.08 
Ri 
97 


(Mc 
CD 


TRANSITION 


CH."BrC 


see. 
CH 
Obs. Cal 
29.85 
21.30 
21.28 


23.70 


16. 
16.7 
18. 


ATOM 


CH." BrC 
255 Mc. 

5 

342 
241 
250 
491 
34 


35 


ONSTANTS Ol 
H.'’ Br 
300 Me. 


Q 


THE BROMINE 
CD 


sec. 


CD 


sec. 


415 

295 

292 

587 
34°49’ 
35° 7’ 


0.01 


36' 
by 
0.02 


MOLECULAR CONSTANTS 
eQ 
‘Br 


484 Mc. 
482 .4** 
349. 1*** 


‘Br 
587 Mc 


<9759 


2 
577 . 3** 


sec. sec. 


416. 5*** 


Rev., 80, 338 (1950). 


75, 1102 (1949). 


imene, J. Chem. Phys., 26, 1593 (1957). 


the state 12 B, while that 


1S 


and that of 
of Pz,.Dz), is Be as given in Table V, the 
state 1] couples with the state 12,.:; by the 
quadrupole Hamiltonian of the form ®7,07, Xa». 
This coupling is dominant in the second-order 
terms, thus the second-order energy is nearly 
proportional to Yay’. The other terms Ype and 


B, 
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Yea are equal to zero by the symmetry of the 
molecule. 

The line separations given in Table VI, 
y.—v; and »y—v3, are expressed as 


yo—¥.=— KX Livnn+ Mi, 
(small terms involving Zaa’, Zo» 
and Zaakovv) (8a) 
vi—v3=KZ Livy + NXav’ 
(small terms involving Zaa°, Z 
and Zaa%vv) (8b) 
where K, L, M and WN are constants. In these 
expressions the first two terms are the first- 
order energies and the others are the second- 


order energies. It is to be noted that the first 
two terms are the same for both equations. In 
employing Eq. 7 the second-order terms of 6 
in the coefficients, a and 3, are neglected. 
After appropriate correction is made for the 
ast term, Z., is obtained by subtracting Eq. 
8b from Eq. 8a. By substituting the value of 
Z.» into Eq. 8a or 8b, a linear equation of Za, 
and Z,» is obtained. Another linear relation 
is given by well-resolved a-type R-branch transi- 
tions (Table IX), for which the second-order 
effect seems to be small. From these relations 
Lox On Z are calculated. The results are 
compared with the observed ones in Tables IX 
and XI. 

By use of Zas, Zp» and Zay the principal 
values of the Z-tensor and the directions 
of the principal axes (x, y and z) are deter- 
mined without any assumptions. The @ desig- 
nates the angle between the a- and z-axes and 
the #’ that between the direction of the C—Br 
bond and the a-axis. The two angles are 


Nuclear 


Nuclear Magnetic Resonance Study of Hydrogen Bond in Salicylaldehyde 


yy) 
nan 
w 


found to agree within experimental errors. 
The asymmetry parameter 7, which is given by 
(Xxx —Ayy)/X2z, to zero for the four 
isotopic species, where the x-axis is taken in 
the (ab) plane. The value of 7 is 
+0.015-+0.013. 


is close 


average 


Discussion 

The C--Br bond length obtained, 1.9415 
+0.005 A, is close to the values usually ob- 
served in. saturated hydrocarbon bromides. 
Table XII shows comparison of this value with 
those of methyl and ethyl bromides. It is to 
be noted that the values for the C—Br length 
in those three compounds are of the same 
order of magnitude within experimental errors. 

The z-direction of the quadrupole coupling 
constant coincides with the direction of the 
C—Br bond within errors involved in the 
present experiment. It is a good confirmation 
of the current assumption usually made. The 
value of Z,, is compared with those of methyl 
and ethyl bromides in Table XII. The three 
values of the coupling constant are also close 
to each other. 
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Magnetic Resonance Study of Hydrogen Bond 


in Salicylaldehyde 


By Ichiro YAMAGUCHI 


(Received August 


It is well accepted that a strong intramolec- 
ular hydrogen bond is formed between the 
hydroxyl and aldehyde groups in a salicylal- 
dehyde molecule. This evidence was obtained 
by various molecular spectroscopic methods” 


1) M. Tsuboi, This Bulletin, 25, 609 (1952); b) H. 
Yamada, ibid., 32, 1051 (1959); c) A. E. Martin, Nature, 
166, 474 (1950); d) P. D. Simova and B. Skorchev, /zvest. 
Bulgar fkad. Nauk., Otdel. Fiz.-Mat. i Tekh. Nauki Ser. 
Fiz., 4, 47 (1954). 


1960) 


and dipole moment measurements,” and 
characteristic structures for this hydrogen- 
bonded system were suggested on the basis of 
these measurements. Nuclear magnetic re- 
sonance (NMR) measurement is expected to 
further informations concerning the 


some 


give 


2) a) H. Lumbroso and P. Rumpf, Bul/. soc. chim. Franc 
1950, 371 >») R. Mecke and A. Reuter, Z. Naturforsch., 4a, 
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hydrogen bond in this molecule. 

Compounds with intramolecular hydrogen 
bond so far well investigated by the NMR 
method are o-chlorophenol**’, o-bromophenol’?, 
and o-cresol®’’’’. The resonance field for the 
OH proton in these compounds was compara- 
tively dependent on concentration in various 
solutions. This suggests that the intermolec- 
ular hydrogen bond in these compounds is 
easily disrupted by dilution of solutions. On 
the other hand, the intramolecular hydrogen 
bond in compounds such as o-nitrophenol or 
salicylaldehyde is so strong that it would 
scarcely form a intermolecular hydrogen bond. 
It is expected therefore that the OH lines of 
NMR for these compounds would not show 
remarkable concentration dependence 

In the present experiment, the measurement 
of the OH resonance shift in NMR spectrum of 
salicylaldehyde was carried out in solutions 
of several solvents with various concentrations. 
In addition to this, the concentration de- 
pendence of the resonance spectrum of the ring 
protons was also investigated. 


Experimental 


NMR measurements were made at 20°C with a 
Varian NMR spectrometer operating at 56.4 Mc.,/sec. 
Salicylaldehyde was a guaranteed grade reagent and 
used without further purification. Solvents chosen 
in this experiment were cyclohexane and carbon 
tetrachloride (inert solvents), and chloroform, 
methanol, benzene, acetone, ether and_ pyridine 
(proton donors and acceptors). These solvents 
were purified for eliminating extra lines in their 
NMR spectra. 

The sweep rate was calibrated by taking the 
value of the chemical shift between the methyl 
group proton and the benzene ring proton in 
toluene as 4.90 p. p.m. The value of chemical 
shift of each line was obtained referring to an ex- 
ternal reference of water in a capillary, and the 
correction for bluk diamagnetic susceptibility was 
made. Solutions of twelve stages of concentrations 
between 0.05 and 0.95 mole fractions were prepared 
for each solvent. 


Results and Discussion 


Fig. la shows the concentration dependence 
of the chemical shifts for protons of salicyl- 


3) C. M. Huggins, G. C. Pimentel and J. N. Shoolery 
J. Phys. Chem., &@, 1311 (1956) 
4 I. Granacher, Helv. Phys. Acta, 31, 734 (1958); M 
Martin and F. Heérail, Compt. rend., 248, 1994 (1954) 
5) R. L. Batdorf, Ph. D. thesis, Univ. of Minnesota 
1955 
6) Puranik and Ramavataram observed the slight shift 
in the C=O vibrational frequency for salicylaldehyde in the 
presence of proton donor or acceptor group. This shift 
was attributed to the minute weakening of the intramolec- 
ular hydrogen bond P. G. Puranik, J. Chem. Phys., 23, 
761 (1955); K. Ramavataram, Proc. Indian Acad. Sci., 45A 
7 (1957). 
7) N. F. Chamberlain, Anal. Chem., 31, 56 (1959) 


aldehyde in cyclohexane solution. 


3 


The lowest 


curve was assigned to the OH proton by reason- 
ing which will be described later. The next lowest 
the CHO proton. The resonance lines 
for the ring protons are very complex as shown 
However the corresponding magnetic 
fields are expressed by two lines for simplicity 


is for 


later. 


in the figure, showing decrease with decreasing 
The displacement of the lines 
higher field at higher concentration is 


concentration. 


to a 


caused 
molecules. The decrease of the resonance 
for the OH group on dilution seems to 


field 


by the interaction among benzene 


correspond to a charge migration from the 
proton to the ring. Most of the chemical 


Pp. 


p. 


H.O proton, 


to 


refer 
p 


shift 


Chemical 


Chemical shift refer to H:O proton, 
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Fig. 1. Chemical shift diagrams of salicyl- 
aldehyde in several solutions ; 


(a) cyclohexane solution, (b) benzene 
solution, and (c) methanol solution. 


shift diagrams observed for the other solutions 
have much the same feature as that for cyclo- 
hexane solution except for benzene and _ pyri- 
dine solutions. 

Fig. lb. shows the proton resonance in 
benzene solution. The field for the CHO group 
increases with decreasing concentration in con- 
trast to the other observed solutions. This may 
be due to a hydrogen bond formation between 
the acidic proton in the CHO group and the z 
electron system of a solvent benzene molecule ; 
the proton is located in a region where the effect 
of the benzene ring is diamagnetic as in the 
case of chloroform in benzene solution’. 

Fig. lc. shows the chemical shift diagram 
for methanol solution. The OH proton 
resonance line of alcohol disappears in the 
concentrated region. The some is true for the 
OH proton of salicylaldehyde but in the dilute 
region. This implies the exchange of protons 
between OH group of alcohol and that of phenol. 
The broadening of these two lines over all the 
concentration range may also be an additional 
evidence for this exchange process. From the 
separation of the above two lines for both 
groups, the upper limit for the exchange rate 


8) L. W. Reeves and W. G. Schneider, Can. J. Chem 
35, 251 (1957) 
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was estimated as about 330c.p.s. It is there- 
fore probable that even a proton contributing 
to a strong intramolecular hydrogen bond 
formation is also able to exchange. 

Fig. 2 shows the concentration dependence 
of the chemical shift of proton resonance lines 
for the OH group in various solutions. 
Batdorf*? measured the chemical shift of the 
OH proton in various phenol derivatives in 
saturated solutions of acetone. He showed 
that among the OH lines for various phenol 
derivatives the OH line for salicylic acid deriv- 
atives appeared at the lowest field region 
(around —6p. p. m. referring to water proton). 
The OH proton lines for the other phenol 
derivatives appeared at considerably higher 
fields than that for salicylaldehyde. In gen- 
eral, the OH line for phenol derivatives form- 
ing merely intermolecular hydrogen bond 
appears in the range of about 2 to 4 
p.p.m. from the water proton line. Com- 
paring these values with those for salicylic 
acid derivatives with intramolecular hydrogen 
bond, it may be said that the strength of the 
intramolecular hydrogen bond in salicylic acid 
derivatives is ranked to be considerably high. 





OH proton 
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ul 
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| 
| 
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D 
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Fig. 2. OH proton resonance shift in 
salicylaldehyde of various solutions 
Solvent 


—— Cyclohexane 
Carbon tetrachloride 
Chloroform 
Methanol 
Benzene 
Acetone 
Pyridine 


For various solutions observed, the concen- 
tration dependence of the OH lines are almost 
the same except pyridine solution which will 
be discussed later. _This fact is somewhat sur- 
prising because it may suggest that the nature 
of the OH proton in salicylaldehyde is scarcely 
affected at all by the solvents with high hydro- 
gen bond forming ability. The above fact 
also suggests that the intramolecular hydrogen 
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bond in salicylaldehyde is considerably strong 
and does not allow a hydrogen bond to form 
with the other molecular species. 

The field of the OH proton is 
observed to slightly as the concen- 
tration of the solution decreases. In general 
dilution of a phenol with some _ moderate 
solvent, intermolecularly hydrogen-bonded 
polymerized molecules dissociate to dimer 
showing a decrease of the OH pro- 
ton resonance field. However dissociation of 
dimerized ones to monomers shows an increase 
Thus, for intermolecularly hydro- 
compounds the variation of the 
field generally has a 
most effectively and 


resonance 
decrease 


molecules 


of the field. 
gen-bonded 
OH proton 
minimum, 


resonance 
where the 


strongly hydrogen-bonded species is seemed to 


form. In contrast to phenol, the field for the 
OH proton line of salicylaldehyde decreases 
monotonously with dilution of solution show- 
ing no increase even on extreme dilution. 
This suggests that the bonding becomes strong- 
concentration decreases and the 
remains even in the solution 
concentration. Therefore, 
for salicylaldehyde, the free single molecule 
with the intramolecular hydrogen bond is con- 
sidered to be the most effectively hydrogen- 
bonded species. This result also suggests that 
in concentrated solutions there exist dimerized 

molecules’? which dissociate 
molecules on dilution. The 
the OH lines observed in con- 
centrated range in almost all the solutions 
may be attributed to a rather slow exchange 
process of OH protons among several kinds of 


er as the 
hydrogen 
of extremely low 


bond 


or polymerized 
to monomer 
broadening of 


polymerized species. 

An exceptional behavior of OH line was 
observed for pyridine solution. The curve in 
Fig. 2 shows apparently anomalous behavior. 
First, the resonance occurs at higher field than 
that for the other solutions. This may be 
ascribed to some change in its electronic 
configuration caused by interaction with a 
pyridine molecule. Secondly, the magnetic 
field with decreasing concentration 
in concentrated range. This may arise from 
the same dissociation process as that the other 
solutions show and simultaneously from the 
formation of strong hydrogen bond between 
salicylaldehyde and pyridine. Thus the mini- 
mum resonance field appears at the equi- 
molecular composition of the solution. The 
third is the increase of the curve in dilute 
range. This may be attributed to the forma- 
tion of multiply hydrogen-bonded species with 
pyridine. This experimental result may sug- 
gest that the hydrogen bond between salicylal- 


decreases 


9) Simova and Skorchev also suggested the existence 


See Ref. Id. 


of dimerized molecules. 


[Vol. 34, No. 3 


Mole fraction of salicylaldehyde in acetone solution 


Chemical shift, p. p.m. 


Fig. 3. Concentration dependent behavior 
of ring proton resonance lines of salicyl- 
aldehyde in acetone solution. 


dehyde and pyridine is stronger than the intre- 
molecular hydrogen bond in salicylaldehyde. 

A remarkable solvent effect was also observed 
in the resonance spectra of ring protons, es- 
pecially in the systems with proton donor or 
acceptor solvents. Although the spectrum of 
the ring protons could not be exactly analyzed, 
it was possible to assign the spectral lines to 
each proton by tracing the change in the spec- 
tral figure of the system on dilution. Fig. 3. 
shows an example of this solvent effect on the 
ring protons in acetone solution. 

The whole spectrum of the ring protons 
displaces to lower field on dilution. This dis- 
placement is considered to arise from change 
in the interaction among benzene rings as 
mentioned previously. In a series of the 
spectra of solutions with different concentra- 
tions, the lines due to A proton (ortho to 
CHO group) and D proton (ortho to OH group) 
exhibit opposed dilution displacement to each 
other. The A proton lines displace to lower 
field while those of D to higher field on dilu- 
tion relative to the displacement of the whole 
ring proton spectrum. Various effects may be 
attributed to these shift changes of dilution'”. 
However, the essential feature to cause the 


10) A.D. Buckingham, T. Schaefer and W. G. Schneider, 
J. Chem. Phys., 32, 1227 (1960). 
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spectral change, especially that for A and D 
protons, would probably be a charge migration 
in the molecule affected by the change in the 
hydrogen bonding situation of this molecule. 


Summary 


The concentration dependent behavior of 
the proton resonance spectra of salicylaldehyde 
in several solution systems were measured. 
The behavior of the OH resonance line for 
the solution systems showed the evidence of 
the existence of considerably strong intramolec- 
ular hydrogen bond in the molecule. The 
behavior of the ring proton spectrum on dilu- 
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tion suggested the occurrence of the charge 
migration in the ring affected by the change 
in the hydrogen bonding situation. 


The author wishes to express his sincere 
thanks to Professor S. Fujiwara and Dr. A. 
Danno for their kind encouragement and sug- 
gestions on this work and also to Dr. H. 
Shimizu, N. Nakagawa and N. Hayakawa for 
their valuable discussions. 
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Non-benzenoid Aromatic Heterocycles. IV*". 
Synthesis of Indolo[3,2-b/indole: A Hetero-pentalene 


By Hiroshi KATO and Masaki OHTA 


(Received September 19, 1960 


Since the proposal of pentalene (I) by 
Robinson” as a possible aromatic substance, it 
has been the subject of many studies. Although 
dibenzopentalene and a few other condensed 
pentalene derivatives have recently been syn- 
thesized (showing non-aromatic polyene pro- 
perties), the synthesis of pentalene or even 
benzopentalene is still awaited, and the results 


of theoretical treatments on the stability of 


these compounds by several groups of workers 
are not in accordance”. 

It has been found that substitution of —C=-C 
groups in a conjugated compound by hetero- 
atoms results in a system which shows pro- 
perties of the original compound to a certain 
extent. These facts led the authors to attempt 
a synthesis of indolo[3,2-b]indole (II) as a 
model of diazadibenzopentalene in order to 
add some experimental data concerning the 
stability of the proposed pentalene ring system”. 
As possible routes to indolo [3, 2-b] indole, intra- 
molecular dehydration of 2-(o0-aminophenyl)- 

Presented at the meeting of the Chemical Society of 

Japan, Tokyo, October, 1959. 

1) Part III, H. Kato, T. Ogawa and M. Ohta, This 

Bulletin, 33, 1468 (1960). 

2) J. W. Armit and R. Robinson, J. Chem. Soc., 1922, 

827 

3) Cf. for example, W. Baker and J. F. W. McOmie, 

““Non-benzenoid Aromatic Compounds” in “ Progress in 

Organic Chemistry’, Vol. 3, Butterworths Scientific 

Publications, London (1955), p. 44. 

4) During the course of this investigation, a series of 


condensed azapentalenes have been prepared by Treibs 
W. Treibs, Naturwissenschaften, 46, 170 (1959) 


indolone (II]) or dehydrogenation of N, N’- 
dihydroindolo [3, 2-b] indole (dindole) (IV) may 
be considered. These two compounds, III and 
IV, have been prepared? by reduction of 0, 0’- 
dinitrobenzil by Raney nickel or by zinc and 
hydrochloric acid, respectively. 

An attempted intramolecular condensation of 
2-(o-aminophenyl)indolone has been briefly 
reported by Ruggli et al.’, but as nothing has 
been described about the condensation reagent, 
the present authors tried to dehydrate it using 
a variety of condensation catalysts, none of 
which gave an identifiable product. 

Next, the dehydrogenation of dindole was 
tried. When dindole was refluxed with chloranil 
in n-butanol, an intense violet coloration took 
place, but the color faded away gradually and 
tetrachlorohydroquinone was isolated from the 
reaction mixture. Neither, in this case, was 
the expected indolo|3, 2-b] indole, obtained, and 
an amorphous polymeric product was obtained. 
The elemental composition of this substance 
is not very far from C;;H;,ON>. Attempts to 
isolate this colored substance were not success- 
ful, but the absorption curve of this substance 
in the visible region is quite similar to 2-(o- 
aminophenyl)indolone and the R; value of this 
compound is the same as 2-(o-aminophenyl)- 
indolone. From these facts and the supple- 
mental data described in the experimental 


3 P. Rueeli et al... Helv. Chim. Acta, 18, 845 (1935) 
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part, it may be concluded that the colored 
compound is 2-(o0-aminopheny!)indolone. 
These experimental data, although 
indicate that at least some interaction exists 
between the two compounds (IV and chloranil) 


dindole. 


negative, 


and dehydrogenation has occurred in 


On the basis of these data, it seemed reasona- 
ble to assume that dehydrogenation of dindole 


gave indolo|3, 2-blindole as an intermediate 
product, but this compound is so unstable that 
it took up traces of water present in butanol 
and gave 2-(o-aminophenyl)indolone. When 
rigidly dehydrated n»-butanol was used as 
solvent, the beginning of coloration required a 
longer period and on addition of a_ small 
amount of water, the coloration took place at 
once. This fact also lends some support to 
the above described assumption. 

During the course of this investigation, the 
authors have known that Treibs ? also attempted 
dehydrogenation of dindole using = many 
catalysts, but indolo|3,2-b|indole was not 


prepared. 


Experimental 


Attempted Cyclodehydration of 2-(0-Amino- 
phenyl) indolone.--2-(0-Aminopheny])indolone®’ was 
treated with the following reagents under warming 
temperature: polyphosphoric acid, 
concentrated sulfuric acid, acetic acid, triethyl- 
amine, and piperazine. Polyphosphoric acid and 
sulfuric acid gave a yellow amorphous substance, 
accompanied by the starting material. Acetic acid 
yielded a yellow polymeric substance, and in the 
case of triethylamine the starting material was 
recovered unchanged. 


or at room 


W. Treibs, private communication. 
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Reaction of Dindole with Chloranil.--a) A 
butanolic solution (30 ml.) of dindole® (0.5 g.) and 
chloranil (0.6g.) was gently refluxed for four hours 
At first a deep violet coloration took place, but it 
faded away gradually, and after four hours the 
solution became pale brown. The solvent was 
removed under reduced pressure and the residue 
was washed with ether and purified by chromato- 
The yellow vowder from 
recrystallized first from 
benzene giving 
show a 


graphy (alumina-benzene). 
the eluate was repeatedly 
benzene-benzine and then from 
yellow amorphous powder. It does not 
distinct melting point (about 300°C). 

Found: C, 74.02; H, 4.40. Caled. 
ON:: C, 75.65; H, 4.54 

The ether washings in the above experiment were 
aqueous sodium hydroxide and 


for Cy,Hy- 


extracted with 10 
the aqueous layer was acidified which hydrochloric 
acid. The white crystals (0.47g.) which separated 
out were recrystallized from acetic acid giving white 
needles, m. p. 234°C (in a sealed tube), undepressed 
on admixture with tetrachlorohydroquinone. 

b) When chloranil or dindole alone was refluxed 
in a-butanol, no coloration took place, and chloranil 
gave no tetrachlorohydroquinone. 

c) Dindole and chloranil was heated cautiously 
until the coloration took place, and the colored 
solution in situ was used for spectroscopic measure- 
ment. } 550 my; with a small shoulder at 
about 490 my; intensity unspecified). The shape of 
the curve in the visible region is the same with 
2-(o-aminophenyl)indolone. Attempts to isolate 
this colored substance (by chromatography) were 
unsuccessful. The colored substance and 2-(o- 
aminophenyl)indolone gave the same spot in paper 
chromatography (R; =0.95, solvent : butanol-pyridine- 
water, 4:1:2). This colored substance seemed a 
little more unstable than 2-(0-aminopheny])indolone, 
but when 2-(0-aminophenyl)indolone was _ heated 
with chloranil in n-butanol, it decomposed rapidly 
to give a yellow solution. 

d) When rigidly dehydrated n-butanol (freshly 
twice distilled) was used as solvent, the beginning 
of coloration was delayed and the intensity of the 
color was feeble and on addition of a small amount 
of water, the color was intensified immediately. 
to Mr. 


The authors are indebted Asaji 


Kondo for microanalyses. 


Laboratory of Organic Chemistry 
Tokyo Institute of Technology 
Veguro-ku, Tokyo 
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Normal Coordinate Treatment and Assignment of Infrared Absorption Bands 


Normal Coordinate Treatment and Assignment of Infrared 
Absorption Bands of Polyvinyl Chloride 


By Takehiko SHIMANOUCHI and Mitsuo TAsuMI 


(Received September 16, 


In the analysis of infrared absorption spectra 
it is often of considerable importance to cal- 
culate the frequencies of the normal vibrations. 

Recent developments in high-speed computers 
have made it possible to calculate the normal 


1960) 


structure is shown in Fig. 1. This model be- 
longs to a group isomorphous with to the point 
group C>,, and in Table I symmetry species, 
selection rules, and dichroic properties 
given. 


are 


vibrations of complex molecules. We have 
calculated the frequencies of the polyvinyl 
chloride molecule using the force constants 
transferred from simple molecules. These results 
suggest a modification of the assignment pro- 
posed in former studies'’”? and will be reported 
in the present paper. 


Method of Calculation and Results 


The normal coordinate treatment was carried 
out on assuming that the polyvinyl chloride 
molecule ‘is syndyotactic and takes the extended 
zigzag form with the repeating unit made up 
of two monomer units. The unit cell for this 


Fig. 1. Unit cell for syndyotactic structure 
of polyvinyl chloride. 


TABLE I. SYMMETRY SPECIES, SELECTION RULES, AND DICHROISM FOR SYNDYOTACTIC 


CHLORIDE* 


C Z . Number of IR 
‘ frequencies (Dichroism) 


POLYVINYI 
R 


a active 
active 


o active 


I l 
] l ] inactive 
I 1 
1 l 


l 
| 
] 
l ® active 


As to the notation, see Ref. 1. 


TABLE II. INTERNAL COORDINATES 


Bond lengths ; 
R! Cc! C II 61 ClV C! Cll 
Ri cil cil gil Cc! cil cil 
Ci C!s II! Cc I cil C!V 
Civ-cv Cll_civ_ci’ 
C!-Cl! Cl!-C!-H! 
C!-H! H,'!-Cll_-H,!1 
Cu_H,! Hil_Cui_qcy 
Ci H,! H,'V C!s H.'% IV cil cl 
ci Hi! C'v’ ci Cl! Cill C!V H,!V 
cil 
C!s 
Cc 


Bond angles ; 

Cl-ci_H 
C!-Cu_H,l 
Culr_cu_y, 
Cul_cu_y. 
Cu_cii_yui 
Ci_culq 
Civ_cii_yul 
Cc 


Cy ! iv’_Cl_HI Cm_w Hi 
H,!% CU_Cl-Cl Cr -Civ-H,V 
IV_H,IV Cil_Cl_H! pv Cl’-Ci¥-Hgtv 


S. Narita, S. ibid., 37, 


(1959). 


1) S. Krimm and C. Y. Liang, J. Ichinohe and S. Enomoto, 


(1956). 273, 281 
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TaBce IIIf. INTERNAL SYMMETRY COORDINATES 
(JR! JR"! JRU JR'V) Ss: 
S 
One redundancy is included. 
(4R'— 4R'"— JR AR'V) 


(4r,U— fro" + Ar,'¥ — Are'¥) 


Ne NO — 


l 
aii GpIit 
7 9 (401+ soll) 


> (Are! — 4r;™") 


; (J911 + 4QlV ) 
Y 2 


I : 
: 0 Jputy Ry Y2 (4ry!— 4dr") 


, ‘ (46! — Jgil!) 
= (JOU + 4MlVy) Y 2 


7 1 
1 S6 = (461 — sguyly 
8 (49,1! Agel Ag II 4g! A¢ IV i 

Age!¥ + A9,!V + A9,!V) S (491+ 4.0 


1\ 


1 ; 
8 (49,1! Ag"! Ag II Jot! Ae 


Ag,'’ de IV 


Four redundancies are included among these 
coordinates. 


| . ; 
Ac S; (4IR'+ JR'"— ARUI— JR'V) B, S; 
» (4ry" 4dr! 


l a 
=f I" 


As only the vibrations in which correspond- the C-C bond are excluded. Therefore, in this 
ing atoms in all the unit cells move in phase calculation the torsional vibrations of the zigzag 
are optically active for such high polymers, the chain are not considered, but this has compara- 
calculation was done for these modes of vib- _ tively little effect on the other calculated fre- 
ration according to the method applied to poly- | quencies. 
ethylene®. The internal coordinates and the The potential field used is the Urey-Bradle) 
internal symmetry coordinates used are given type 
in Tables Il and III. For the internal coordi- 2V=K(C-C)35(4R)? + K(C-H) cund5(4ra) 
nates only the bond lengths and angles are R ’ 
taken and the angles of internal rotation about 


3) T. Shimanouchi and S. Mizushima, J. Chem. Phys., 
17, 1102 (1949) 
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K(C-CI)S(4re)* 
H(C-C-C) x (1.54)?33(40): 


~ 


H(H-C-H) x (1.09)?33(46.)° 
Ga 
H(H-C-Cl) x (1.09) x (1.77) 33 (44,)° 
H(H-C-C) cnn X (1.09) x (1.54) S340)’ 
Pa 


H(H-C-C) crc X (1.09) x (1.54) (4 ¢,)° 
e, 


H(C1-C-C) x (1.77) x (1.54) 3} (4¢-) 
? 


F(H-:-H)33(4q<)?’ 
qa 


F(C:-C)(4Q) 
QO 
F(H---Cl)33(4qz)? 
qd 
F(H::-C) cun>) (4@-) 
F(H::-C) crc 1>3(4q 1) 
q 
F(Cl--C)33(4qe) 


q 


linear terms 


where R, ras Fb, Te: O, Aas Ov. Pas Pd» Yes Q, Ga°*Ge 
represent the following bond lengths, bond 
angles, and interatomic distances indicated in 
parentheses. 


R(R', Ri, Rm, RIV) 
ra(ril, roll, r1V, r.1V) 
ri(rol, rll) 
(rl, p ll) 
e(a', B4, Et, EI’) 
6, (9, giv) 
0,(01, gill) 


> 


>, Il © Il, © II, © II, © 


, Oa], Hl, @,l) 


9-(¢;1, ol, GMI, oll) 

Q(CIV’...Cl, Cl...Cll, Cll...CIV, Cll.-.Cl’) 

Qa (Hi!l---H21, H,!V---H.IV) 

qo(H!---Cll, HUl.--C] 11) 

g-(Cl---H,, Cl---H,M, Cul...H,M, CUl...H.U, 
Cul...H,IV, Cll..-H.IV, Cl’-.-HyIV, 
Cl’..-HIV) 

ga(C!V’.»-HI, Cl.--HI, ClU..-HUI, CIV---HIII) 

ge(CIV’--Cl, Cu-.-CH, Cl...CI, CIV...C]il) 


For the first calculation we used the force 
constants transferred from polyethylene”, 1, 2- 
dichloroethane», and 1, 1, 2, 2-tetrachloro- 
ethane These force constants are indicated 


5 S. Mizushima, I. Nakagawa, I. Ichishima and T 


Miyazawa, ibid., 22, 1614 (1954). 
6) K. Naito, I. Nakagawa, K. Kuratani, I. 
and S. Mizushima, ibid., 23, 1907 (1955). 


Ichishima 
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TABLE IV. 
AND INTRAMOLECULAR TENSION (x) 
(in millidyn. A) 


FORCE CONSTANTS (in millidyn./A): 


Set 2 

3.10 

ys 

HCl .10 

l . .65 
«(-CHH-) ‘ 2 
«(-CHCl .10° .10 
H(C-C-C ). .20 
H(H-C-H , .36 
H(H-C-C) cy .09 
H(H-C-Cl 5 .06 
H(H-C-C) cu me 15 
H(Ci-C-C .10 
F(C---C : 50 
F(H---H ) .06 
H---C)¢ F 43 
H---Cl : .80 
H---C) crc .40 .45 
Cl---€ 0.60 0.50 


Molecular constants 
C-C 1.54A, r(C-H)=1.09A, r(C-Cl)=1 
All the bond angles=109 28 
a F' is assumed to be 0.1 Ff 
b Transferred from polyethylene 
c Transferred from 1,2-dichloroethane 


d°* Transferred from 1. 


1,2, 2-tetrachloroethane 


as Set | in Table IV. The molecular constants 
assumed are also given in Table IV. From 
these values the characteristic values, L-matrix, 
potential energy distribution, and Jacobian 
O(2;:+:v-) /0(Ky-:-Ky) were calculated with the 
use of the PC-1 computer built in the Depart- 
ment of Physics, The University of Tokyo. In 
the next calculation, taking into account the 
results of the first calculation and the observed 
values, we introduced the new force constants, 
Sets 2 and 3 given in Table IV, and repeated 
the calculation in the same way. In 
of Set 2 the 
that the calculated 
agreement with the observed values of poly- 
vinyl chloride. Set 3 was obtained by modify- 
ing the former sets in such a way as to make 


the case 
force constants are adjusted so 
frequencies show the best 


the calculated frequencies correspond reasonably 


to the observations for deuterated polyvinyl 
chloride also. 

The calculated frequencies are compared with 
the observed in Tables V and VI, in which the 
assignments of bands based on the calculated 


potential energy distribution are also given 


Discussion 


(PVC). Of the three 


only 


Polyvinyl! Chloride 
infrared active species, A;, B,; and B., 
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TABLE V. 
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CALCULATED AND OBSERVED FREQUENCIES OF POLYVINYL CHLORIDE 


(in cm~!) and assignments 


Caled. 


Obs.4 


Ja 2» 3¢ 


2969) 
2968) 


2891 2969 
2880 2969 


2921 2911 2905) 
2919 2910 2905) 


2905 2871 2873 


1501 1425 1459 
1392 1340 1360 
1397 1343 1367 
1225 1246 1245 
1227 1245 1244 


1190 1210 1208 


1030 1063 1054 


1076 1103 1100 
1028 1089 1071 


1016 976 993 
1026 930 977 
874 832 849 


663 639 


639 624 


Add 458 
343 328 


313 294 

290 283 
182 
160 
102 


Assignment 


CH str. (B;), (A,) 


CH», antisym. str. (B,), (Be) 


CHe2 sym. str. (A;) 


CHe bend. (A;) 
CH, wag. (Be) 
CH: wag. (B;) 
CH bend. (A;) 
CH bend. (B;) 


CH bend. (B:) 


CC str. (B2) 
cx wr. CAs), Gs) 


CHz rock. (B;) 
CHp» twist. (A;) 
CH»: rock. (B2) 


CCl str. (A;) 
CCI str. (B;) 


CCC def. (B;) 
CCl bend. (A;) 
CCI bend. (B2) 
CCI bend. (B;) 


torion (A;, Be) 


Calculated from the force constants, Set 
Calculated from the force constants, Set 
Calculated from the force constants, Set 3. 


See Refs. 1, 2, 7—11. 


As to the dichroism of the 603 cm~-'! band 


should have parallel dichroism when the mo- 
lecular chains are oriented along the stretching 
direction. As shown in Table V the observed 
parallel bands correspond reasonably to the 
calculated B, frequencies. The perpendicular 
bands, also, show good correspondence with the 
calculated A; and B, frequencies. The main 
points of the present assignment are summarized 
as follows: 

1) Both of the two CH stretching frequen- 
cies which belong to the A; and B, species are 
assigned to the band at 2967 cm The former 
assignment” of the CH stretching mode (A;) 
to the 2820cm~' band is improper because of 
the weak interaction between the two CH 
bonds. This is also the case for 1, 1, 2, 2-tetra- 
chloroethane, in which the two CH bonds are 


we Shall report later. 


than chloride. 


in polyvinyl 
The CH stretching frequency of this compound 


Situated nearer 
appears only at 2990cm~! in infrared spectra 
and at 2989cm~' in Raman spectra”. 

2) Krimm and Liang” assigned the A; and 
B, CH bending modes to the bands at 1330 
cm~! and 1250cm~', respectively, However, 
because of the weak interaction between the 
two CH bonds such great splitting can not be 
expected. This expectation is confirmed clearly 
by our calculation. The calculated Jacobian 
shows that both of these frequencies depend 
similarly on the force constants H(H-C-Cl), 
H(H-C-C)cucr, FCH:::Cl), FCH::-C)cuci, and 
Kcuci, and it is impossible to separate them. 
The corresponding frequencies are found in 
1, 1,2, 2-tetrachloroethane at 1304cm™'! (A,) 
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TABLE VI. CALCULATED AND OBSERVED FREQUENCIES OF DEUTERATED POLYVINYI 
CHLORIDE (in cm~!') AND ASSIGNMENTS 
Caled. 
Assignment 

] 3 
2120 2177 
2111 2169 
2164 2151 ’ . B,. B.) 


3163 3152 antisym. str. 

2095 2090 VW ¢ sym. str. (A;) 

1218 1225 3 wa CC str.+~CDz» bend. (A;) 
1254 126] CC str.-CD»2 wag. (Be) 
1170 1189 j CC str. -CD»2 wag. (B,) 


B,) 


1024 1041 a CD bend. —CC str. (B;) 
998 l VS @G CD, bend.-CD bend. (A 


938 , CD, wag.CD bend. (B 
909 CD, rock. -CD» wag. (B;) 
844 Ww: CD bend. --C D, bend. A 


806 CD bend. -CD» wag.-CD» rock. (B2) 
820 : : CD bend.--CD» rock.—CCl str. (B 
805 ; CD: twist. —CCl str. (A;) 

685 CD, rock. (B 


59] : m a CCl str.--CD» twist. (A;) 


575 a CCI str.+CD> rock. (B;) 
391 CCC def. (B;) 
322 CCl bend. (A 
zlz CCl bend. (B 
260 CCI bend. (B 


a Calculated from the force constants, Set 1. 
b Calculated from the force constants, Set 3. 
c Sce Ref. 2. 


and 1308cm~! (B,) for the trans from, and at 3) The bands at 1228, 963 and 833cm 
1280 cm~! (A) and 1243 cm~! (B) for the gauche are assigned to CH bending (B,), CH: rocking 
form. Even in the gauche form the splitting (B;), and CH» rocking (B.) frequencies, re- 
does not exceed 40cm~'. So, at first it seemed spectively, according to the results of the cal- 
reasonable to assign the 1250cm band to culation. The 1228cm~! band was assigned by 
both A, and B,; CH bending modes and the Krimm et al. to the overtone of the 615 
1330cm~' band to the CH» wagging mode (B;). ¢m~-' band. However, this band remains de- 
On the other hand the change of the dichroism finitely in the spectrum of the highly syndyo- 
observed for PVC films of varying degrees of tactic polymer for which the 615cm~' band is 
Stretching (which will be reported later) shows observed as a shoulder of the 693cm band. 
that the 1330 and 1250cm bands should Kawasaki et al.*? suggested that the very weak 
belong to A; and B; species, respectively. This band found at 1243cm~'! may be assignable to 
fact can be understood if we assume that the overtone of the 615cm~! band. 
strong coupling takes place between one of the 4) The bands at 2820, 1197, 693 and 615 
CH bending modes and the CH» wagging or cm! are not assigned. The 693cm~' band is 
twisting mode, and the large splitting of fre- associated with the atactic structure and the 
quencies occurs, though it is inconsistent with 615cm~! band with the syndyotactic structure, 
the results of our calculation. This deviation which is not in the ordered configuration, 

ay be due to the incompleteness of the force 
constants given in Table IV. Ambiguity is S. Krimm, A. R. Berens, V. I 
still remaining as to this point; our final as- — A i = raph hoe 

awasaki et al., Abstr 

Signments are shown in Table V. rared and Raman Spectroscopy (To 
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because they can not be observed for the 
sample prepared by radiation-induced polymeri- 
zation of a urea-vinyl chloride complex 

The band at 1197cm~' seems to behave analo- 
gously, but in a less distinct manner. 

5) The band at 926cm~' is only tentatively 
assigned to the CH» twisting frequency. It is 
known that for some vibrational modes, such 
as CH; rocking vibrations in ethane and CH 
twisting vibrations in 1, 2-dichloroethane, the 
calculated frequencies deviate considerably from 
the observed , Therefore, it may be 
undesirable to assign the 926cm band to 
the CH. twisting mode simply because it 
corresponds to the calculated value of 977 cm 
More detailed investigation of the intra- 
molecular potential field seems to be necessary 
to settle this problem. 

Deuterated Polyviny! Chloride.—-1) The in- 
frared spectrum of deuterated PVC was reported 
by Enomoto et al. Compared with the 
spectrum PVC, it is quite com- 
plicated and hard to analyze, as many bands 
are found in the 800cm to 1300cm 
region. From the results of the present cal- 
culation and the observed dichroism tentative 
for the main bands. 


of normal 


assignments are proposed 
The calculated potential energy distribution 
and L-matrix indicate that a strong coupling 
of two or more modes occurs for most bands 
of deuterated PVC. For example, for the cal- 
culated 858cm (A,) vibration, in-phase 
coupling of the CD, and CD bending modes 
occurs while in the case of the calculated 986 
cm (A;) vibration, out-of-phase coupling 
occurs. This is shown in Fig. 2. The in-phase 
mode is expected to be weak in intensity, and 
it probably corresponds to the very weak band 
at 886cm The intensity of the out-of-phase 
mode is strong and it undoubtedly corresponds 
to the very strong band at 1017cm™'. A 
similar situation is found for the calculated 
807 cm (B.) and 930cm (B.) vibrations 
(see Fig. 3). The 930cm mode is expected 
to be strong and corresponds to the strong 
parallel band at 937cm~', and the 807cm 
mode is weak and corresponds to the weak 
band at 806cm 

2) The bands at 594cm~! and 568cm7! are 
assigned to the CCI stretching frequencies (A 
and B;). These bands correspond to those at 


9 I. Shimanouchi, S. Tsuchiya and S. Mizushim 
Chem, Phys., 30 1365 (1959 

10) T. Shimanouchi, S. Tsuchiya 
The High Polymer (Kobunshi), 8, 202 
11) S. Krimm, A. R. Berens \ 
Shipman, Chem. & Ind., 1959, 433 

12) I. Nakagawa and S. Mizushima 
2195 (1953). 

13) I. Nakagawa, J. Chem. 
(Nippon Kagaku Zasshi), 74, 848 

14) I. Nakagawa, ibid., 77, 1030 (1956 
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Fig. 2. Vibrational modes of 858 cm =! and 
986 cm 
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Eig. 3. Vibrational modes of 807 cm~! and 
930 cm~!. 

635cm~' and 603cm~’, respectively, of normal 
PVC. Asahina and Enomoto showed that 
the 628cm~' band disappears in the sample 
obtained by irradiation-induced polymerization 
of a urea-vinyl chloride-d; complex. Therefore, 
this band is the contribution of the atactic 
structure and corresponds to the 690 cm~! band 
of normal PVC. The deuterated PVC prepared 
by Enomoto et al. was kindly made available 
to us. We measured the spectrum of this 
sample using a grating spectrometer (Perkin- 
Elmer Model 112G) and found a new band at 
about 573cm~', which probably corresponds to 
the 615cm~! band of normal PVC. All four 

bands of deuterated PVC are perpendicular. 
As stated above the observed infrared ab- 
sorption bands, including their dichroism, can 


15) M Asahina and S. Enomoto, , 81, 1374 (1960). 
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be satisfactorily accounted for on the basis of 
the calculation of normal vibrations. This 
gives a further confirmation of the syndyotactic 
configuration for the crystalline part of poly- 
vinyl chloride. The remaining important pro- 
blem is to study the potential field more 
thoroughly, and for this purpose the compara- 
tive investigation of other polymers and related 
compounds will be indispensable. 
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Molecular Structure of Epibromohydrin and Glycidol 
by Electron Diffraction 


By Masato IGARASHI 


Received September 26, 1960) 


The molecular structure of ethylene oxide’, 
propylene oxide and _ epichlorohydrin»? has 
been studied previously by the electron dif- 
fraction method. As for the size of the CCO 
ring, the elec.ron diffraction results have 
agreed almost perfectly with that of microwave 
spectrum study of ethylene oxide». The C-C 
distance was 1.46+0.03A and the C-O distance 
were about 1.44A, whereas the values by 
microwave spectroscopy were 1.472A and 1.436 
A, respectively. 

In propylene oxide and epichlorohydrin, the 
C-C (methyl) distance was about 1.52A and 
the angle between C-C (methyl) and CCO 
ring plane was about 58°. The chlorine atom 
in epichlorohydrin was the farthest apart from 
the CCO ring. 

In the present paper the structures of epi- 
bromohydrin and glycidol are reported especially 
in regard to the configuration of the bromine 
atom and of the oxygen atom of alcohol in 
each molecule. 


Experimental 


Epibromohydrin was prepared according to the 
procedure described in ** Organic synthesis ’’?. The 
boiling point was 61°C at 50 mmHg. Glycidol was 
prepared from glycerol monochlorohydrin by the 
procedure of Nef The boiling point was 52°C at 
10mmHg. The apparatus of electron diffraction 
and the procedures of experiment were the same 
as those of the previous reports'*. Visual intensity 
curves are shown in Figs. 3 and 5. 


1) M. Igarashi, This Bulletin, 26, 330 (1953) 

2) M. Igarashi, ibid., 28, 58 (1955). 

3) G. L. Cunningham, A. W. Boyd, R. J. Myer, W. D. 
Gwinn and W. I. Le Van, J. Chem. Phys., 19, 676 (1951). 

4) Organic Synthesis, 14, 42; 16, 31. 

5) J. U. Nef, Ann., 335, 231 (1904) 


(.) 
Ut) 


Epibromohydrin Glycidol 


Fig. 1. Perspective pictures of epibromo- 


hydrin and glycidol. 


»=0 3a Oo 80 & = 180 


ig. 2. Various configurations of epibromo- 
hydrin and glycidol showing internal 
rotations, which were projected along 
C.-C; axis (cf. Fig. 1). A stands for 
bromine or oxygen atom. Hydrogen 
atoms are omitted for convenience. 


Analysis 


Radial distribution and theoretical intensity 
curves were calculated using the same formulas 
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q 
Fig. 3. Visual intensity curve (V) and 
theoretical intensity curves for the models 
from A to S (Table I) of epibromohydrin. 
Curve A’ is drawn using thermal factor 
b, 0.0002 instead of zero in curve A 
for the atomic pairs C;---Br and O---Br 


Making reference to the previous 


as before”. 
reports'~*», some parameters of the molecular 
models for the theoretical intensity curves were 
assumed as follows: the CCO ring size and 
C-H distances adjacent, attached to the ring, 
are equal to those of ethylene oxide, the other 
C-H distances 1.09A, the angles C.C,Br and 
C.C;0 are both 109.5°, and the angle between 
C,iC, and C;C.H; plane is 21° (Fig. 1). Other 
parameters such as C.-C; distance and _ its 
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C,-Br and 
internal 


inclination from the ring plane, 
C,-O distances, and the angles of 
rotation (Fig. 2) were examined. 

Epibromohydrin. The visual intensity curve 
in the region of g—60~80 was uncertain, 
therefore in the correlation method the maxima 
and minima in the region of g—10~60 were 
compared with the theoretical intensity curves, 
and radical distribution curves were calculated, 
using several different intensity values in the 
former region. On account of the damping 
factor exp(—ag’) the positions of the peaks 
in radial distribution curves were not so much 
affected by the intensity in such a region. The 
radial distribution curve is nearly consistent 
with models A and K (Table I). 

Molecular models for the theoretical intensity 
curves were constructed in the following ranges: 
C.-C;: 1.50~1.58 A, C;- Br: 1.88~1.96 A, angle 
between C.-C; and CCO ring: 45~70°, rota- 
tional angle © around C. C, axis: 0~360 
(Table I). 


Fig. 4. Radial distribution curve of epi- 
bromohydrin. Vertical lines show the 
interatomic distances of model A. 


The theoretical 
models in which 
5 


intensity curves of the 
the rotational angles drawn 
in Fig. 2 are smaller than +15” have features 
which resemble the observed. But as those 
having the other rotational angles are very far 
from the observed, these models can be rejected. 
C.-C; and C;-Br bond distances and the inclina- 
tion of C.-C; were examined mainly by the 
qd Govs Values (Table I). 

The results are as follows: C.-C;=1.53 
0.03 A, C;-Br=1.91++0.02 A, angle between C 
Cc, and CCO ring is 58-+8°, rotational angle @ 
is 015°, i.e. the bromine atom is almost 
trans against the midpoint of C, O. 

Glycidol. -- Theoretical intensity curves of 
the models in which the rotational angles are 
about 0° and 80- have features which resemble 
the observed, although the maximum of the 
model of 80° at about q — 33 is not predominant 
compared with that of 0~ (Fig. 5). The models 
of the other © values such as G, H, L and M 
may be excluded because the apperances of the 
intensity curves at about g 30 and 50 are 
very different in comparison with the observed 

The radial distribution curve RD, calculated 
using the visual intensity curve which is shown 
by the solid line in Fig. 5 and spliced by the 
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TABLE I. 


Model Cre 


Q 


92 
92 
°92 
92 
.92 
92 
Be 
.92 
.92 
.92 
.92 
.92 
.88 
.96 
.92 
.92 
.92 
92 
92 


AMAA an Wawa 7 en) ne 
oo 00 CO GOO 80 GO CO CO CO 00 8 CO BH CO 


an 


If. MODELS FOR GLYCIDOL 


Model , C N —_ 
A 
B 
Cc 
D 
E 


hahah, 
ww & & 


w 


‘= 
nw 


Ww 


www w 


DARL AD., 
tn we 


£2 


theoretical intensity of model E at small g 
values has a slight peak at about 3.0 A, which 
might be regarded as a ghost and a somewhat 
larger peak at about 3.6A, which should cor- 
respond to the configuration ¢-0>. 

But another radial distribution curve RD 
calculated using the dashed intensity curve in 
the region of about g=—-35 instead of solid 
intensity curve and the theoretical intensity 
curve of model J at small g values in Fig. 5, 


MODELS FOR EPIBROMOHYDRIN AND Qealed/ Got 
C;-Br 
A 


Inclination of 
-C 


Inclination of 
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VALUES 
Rotational Mean value of 
angle. 6 Gealea/G 

0 0.993 

15 0.996 

33 


90 


Average 
deviation 
0.015 


0.017 


14 


AND q i/g VALUES 


Average 
deviation 


Rotational Mean value of 
angle, 6 Yealed/ or 

.016 
.020 


.022 


.998 
.005 
992 


.013 
.008 


.005 
.006 


shows a more predominant peak at about 3.0 
A which corresponds to the existence of the 
configuration of about 9=80° (Fig. 6). 

Whether the configuration of the oxygen 
atom of alcohol is at about 6=0°, or about 
6=80-, or at the both positions, could not be 
determined by the present visual method. 

The parameters other than the internal rota- 
tion were examined in the following ranges 
C.-C;: 1.50~1.58 A, C;-O: 1.40~1.46A, angle 
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q- 
Fig. 5. Visual intensity curve (V) and 
theoretical intensity curves for the models 


from A to U (Table II) of glycidol. 


between C.-C 
). 

As the features of the theoretical intensity 
curves of the models in which C.-C; inclina- 
tions against CCO ring plane are 50° and 65° 
are considerably different from the visual, both 
models can be excluded as inadequate. C.-C; 
and C;-O bond distances were examined 
mainly by the qeatea/qovs values (Table II). 
The results are as follows: C.-C;=1.53+0.03 A, 
C,-O=1.43+0.03 A, angle between C.-C; and 
CCO ring is 585°. 


and CCO ring: 50~65 


(Table 


34, No. 3 


4.0A 


Fig. 6. Radial distribution curves of glycidol. 
Vertical lines show the interatomic distance 
of models A (RD,;) and O (RD.). 


Discussion 


As mentioned in the previous report” about 
epichlorohydrin and the present report about 
epibromohydrin, chlorine and bromine atoms 
in these compounds are almost at the trans 
position against the midpoint of C,;-O, i.e. 
these atoms are fathest apart from the CCO 
ring. 

Therefore it can be thought that there is a 
strong steric repulsion between chlorine atom 
or bromine atom and ethylene oxide ring. 

If the same steric repulsion is present between 
oxygen atom of alcohol and ethylene oxide 
ring and moreover no intramolecular hydrogen 
bond between two oxygen atoms, the oxygen 
atom of alcohol will be at trans too. Con- 
trarily, if there is a stronger intramolecular 
hydrogen bond than the steric repulsion, the 
oxygen atom of alcohol will be nearer to the 
oxygen atom in the ring than the trans posi- 
tion and © will be equal to about 80°. 


vy, cm! 


Fig. 7. Infrared absorption spectra of glycidol 
in carbon tetrachloride solutions. ¢ is molecu- 
lar extinction coefficient, c is the concentra- 
tion of satulated solution at room temperature 
and v is wave number. Curves from (1) to 
(5) are absorption spectra of solutions of the 
following concentratrations; (1): c¢, (2): 
1/2c, (3): 1/5¢, (4): 1/18¢, (5): 1/54c. 
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Unfortunately as the theoretical intensity 
curves of both the models rather resemble each 
other in the features which are characteristic 
of internal rotations, the above two cases 
could not be determined unambiguously. 

However infrared absorption spectrums of 
glycidol in dilute carbon tetrachloride solutions 
using lithium fluoride prism did not show a 
deviation of O-H stretching vibration by which 
the intramolecular hydrogen bond can _ be 
recognized (Fig. 7). It may be supposed that 
in the vapor state at room temperature there 
exists no intramolecular hydrogen bond either, 
so the oxygen atom of alcohol will be almost 


An Electron Diffraction Investigation of the Molecular Structure of Ethylenimine 369 


at trans against the midpoint of C,-O. 


The author wishes to express his sincere 
gratitude to Professor A. Kotera for his 
guidance throughout this research and to Dr. 
K. Nukada and Miss. U. Maeda, Government 
Chemical Industrial Research Institute of 
Tokyo, for the infrared investigation of glycidol 
solution. He is also indebted to Mr. T. Wada 
for his help during the experiment. 
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An Electron Diffraction Investigation of the Molecular 
Structure of Ethylenimine 


By Masato IGARASHI 
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In the three membered ring compounds such 
as cyclopropane, ethylene oxide, ethylene sulfide 
and ethylenimine, the isoelectronic groups 
H.C<, Ox, S< and HN¢ bear a resemblance 
to each other, so that the structural features 
for these molecules are identical except for 
these groups. 

Since two sp hybrid atomic orbitals may 
not be at an angle less than 90° to each other, 
the bonding orbitals which constitute rings 
CCC, CCO, CCS and CCN can not point directly 
at each other, but they are bent, forming the 
“banana bond”. 

Electron diffraction and microwave spectrum 
investigations have reported the molecular 
structures of these ring compounds in which 
the nuclear distances of C-C were in most 
cases shorter than the normal C-C single bond 
distance, 1.54 A. 

By the electron diffraction method, the C-C 
distances were 1.53+0.03 A”, 1.54 A” and 1.515 
+0.02A in cyclopropane, and 1.46+0.03 A» 
in ethylene oxide. Further, by the microwave 
spectroscopy the C-C distance was 1.472 A” 


1) C. A. Coulson and W. E. Moffit, Phil. Mag., 40, 1 


1949). 
2) L. Pauling and L. O. Brockway, J. 
59, 1223 (1937). 
3) O. Bastiansen and O. Hassel, Tids. Kjemi Bergvesen 
Met., 6, 71 (1946). 
4) H, Pfeiffer, 
Technology, 1948. 
5) M. Igarashi, This Bulletin, 26, 330 (1953). 


Am. Chem. Soc., 


Ph. D. thesis, California Institute of 


in ethylene oxide, 1.492 A” in ethylene sulfide 
and 1.480A in ethylenimine respectively. 
The HCH angles have been found to be about 
116°*) and 117°°'°, which are larger than the 
tetrahedral angle, 109.5°. 

In this report the results of the electron 
diffraction study of ethylenimine by the sector- 
microphotometer method are described and 
compared with those of the microwave spectrum 
study”? (Table 1). 


TABLE I. MOLECULAR STRUCTURE OF ETHYL- 
ENIMINE BY MICROWAVE SPECTROSCOPY 
C-C 1.480A ZC:NH 112 
C-N 1.488A ZCCHz: 159°25' 
C-H_ 1.083A ZHCH 116 41' 
H-H 1.000A (assumed) 


Experimental 


Ethylenimine was kindly furnished by Professor 
Y. Iwakura, Tokyo Institute of Technology; its 
boiling point was 55°C. 

The electron diffraction 
Department of Chemistry, 
University of Tokyo* 
experiment. It 


instrument in the 
Faculty of Science, the 
was used for the diffraction 
incorporates with r?-sector which 


6) G. L. Cunningahm, A. W. Boyd, R. J. Mayer, W. 
D. Gwinn and W. I. LeVan, J. Chem. Phys., 19, 679 (1951) 
7) T. E. Turner, V. C. Fiora, W. M. Kendrick and B. 


L. Hicks, ibid., 21, 564 (1953); T. E. Turner, V. C. 
and W. M. Kendrick, ibid., 23, 1966 (1955). 
8) K. Kuchitsu, This Bulletin, 30, 391 (1956). 


Fiora 
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is rotated rapidly during exposure. Diffraction 
photographs were obtained on Fuji Process Hard 
plates. During the diffraction experiment the liquid 
sample reservoir has been cooled by a freezing 
mixture of ice and sodium chloride to reduce the 
amount of the sample vapor. The camera length 
was 11.82cm. and the wave length of electron was 
0.0578A, which was determined by measuring the 
transmission patterns of a gold foil. 

Two pairs of photographs of the exposures of 25 
and S50sec., and of 30 and 60sec. were used for 
intensity measurement. The optical densities of 
these plates were measured by the microphotometer 
The photographic plates were rotated rapidly 
around the center of the diffraction pattern while 
being scanned by the microphotometer. 


Analysis 


Optical densities of each pair of the diffrac- 
tion photographs were converted to relative 
intensity by Karle’s procedure’. A smooth 
background line was drawn through the inten- 
sity curve multiplied by g and molecular in- 
tensity curve M(q) was obtained by the 
following formula 


M(q) (I I 3) Is, (1) 


where /; is the total intensity and J/g, is the 
background intensity. 

Radial Distribution Curve. The radial 
distribution carve was calculated from the mo- 
lecular intensity curve M(q) according to the 
following equation: 

90 
f(r) = >} qM(q)exp( —agq*)sin(zqr/ 10) (2) 
l 


where the value of a is chosen as 0.000284 to 
make the integrand of Eq. 2 converge rapidly 
and g= (40/4) sin (0,2), where @ is the angle 
of scattering and 4 is the wavelength of the 
electron beam. The intensity curve from gq —0 
to q=—18 was spliced by the theoretical inten- 
sity curve calculated for an assumed model. 
A few steps of successive approximation 
were made to get a reasonable background line 
which would satisfy Karle’s criterion of non- 
negativeness in the radial distribution curve 
as closely as possible. The final molecular 
intensity curve is shown in Fi 1 and the 
radial distribution curve in Fig. 
The radial distribution curve consists of 
three peaks at about 1.09A, 1.49A and 2.19A 
The first peak is due to bonded C-H and N-H 
distances, the second to bonded C-C and C-N 
distances and the third to non-bonded N---cH, 
C:--cH and C:::NH distances. It is difficult to 
separate the first and the second peaks into 
two components and the third into three com- 
ponents respectively, because these component 


oO 
o 
_ 


9) J. Karle and I. L. Karle, J. Chem. PI 
(1950) 


s., 18, 957. 963 
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Fig. 1. Experimental and theoretical inten- 
sity curves. 





Fig. 3. Analysis of the first peak of the 
radial distribution curve 


TABLE Il. ANALYSIS OF THE FIRST PEAK OF 
RADIAL DISTRIBUTION CURVE 


Atomic Equilibrium Mean 


pair distance, A amplitude. 
C-H .05 0.065 
N-H .14 0.03 
( C-H .09 0.075 
N-H .04 0.07 
C-H at 0.06 
N-H .O1 0.04 


Set 


peaks overlap each other heavily. The first 
peak can be resolved into its components by 
three distinct sets of parameters (Fig. 3 and 
Table Il). Sets A and C are the extreme cases 
for the differences between C-H and N-H 
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ja / ‘ 
/7~\ CX / KX 
/ <j ~ \ 
Mrstea raseem eres eT 
D E F 
Fig. 4. Analysis of the second peak of the 


radial distribution curve. 


TABLE III. ANALYSIS OF THE SECOND PEAK OF 
RADIAL DISTRIBUTION CURVE 
Set Atomic Equilibrium Mean 
pair distance, A amplitude, A 
D C-N 1.51 0.02 
Cc-C 1.42 0.02 
E C-N 1.49 0.05 
C-C 1.48 0.05 
F C-N 1.47 0.03 
C-C 1.54 0°03 


equilibrium distances. So the reasonable ranges 
of equilibrium distances are C-H=1.05~1.11A 
and N-H=1.01~1.14A. 

The second peak can also be resolved into 


two component peaks by three distinct sets of 


parameters (Fig. 4 and Table III). 

Sets D and F are the extreme cases for the 
differences between C-N and C-C equilibrium 
distances. There is an intimate relation be- 
tween the difference of atomic distances and 
their mean amplitudes, that is when the dif- 
ference becomes larger, the assumed mean 
amplitudes must be smaller in order to explain 
the peak of radial distribution curve well. 
This relation shall be discussed once more 
later at the correlation method. Here the 
reasonable equilibrium distances are thought 
to be C-N = 1.47~1.51 A and C-C = 1.42~1.54 A. 

The third peak is the lowest among the 
three and consists of three component peaks 
of non-bonded C---cH, N--cH and C-::-NH. 
Therefore there may be many reasonable sets 
of resolution into its components. Some proba- 
ble examples are listed in Fig. 5 and Table IV. 
In set G the atomic distances are equivalent 


to ZCCH 160°, ZHCH=117° and ZC.NH 
122°, assuming C-C=1.48A, C-N =1.49A, 
C-H=1.08A and N-H=1.04A. In set H they 


are equivalent to ZCCH,=130°, ZHCH —117 
and ZC.NH = 126° and in set Ito ZCCH,=170-, 


D Zone Jos 
2 ——_ ——_L pe — Ae Go 
+2 ‘ 19 2 ai¢é 3 425A 19 20 21 22 23 24 25A 
G H I 
Fig. 5. Analysis of the third peak of the 


radial distribution curve. 
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TABLE IV. ANALYSIS OF THE THIRD PEAK OF 
RADIAL DISTRIBUTION CURVE 
Set Atomic Equilibrium Mean 
pair distance, A amplitude, A 
, C--cH 2.22 0.12 
G : C--NH 2.16 0.12 
N---cH 2.17 0.12 
C---cH aa 0.11 
H C---NH 2.2) 0.11 
N---cH 2.25 0.11 
C---cH 2.24 0.11 
I C---NH 2.20 0.11 
\ N---cH 2.16 0.11 
ZHCH=117° and ZC.NH=125 Other sets 
of resolution show different atomic distances, 
so different bond angles. But by several at- 


tempts of resolution, the values ZHCH 2117 
and ZC.NH-=120~130° seem to be _ probable. 
When N:-:-cH distances become longer, C---cH 
distances become shorter and vice versa, assum- 
ing the bonded distances are constant, and at 
that time a reasonable resolution of the peak 
is obtained, so ZCCH» can not be determined 
more accurately than the range 130~170 

Correlation Method.—The theoretical inten- 
sity curves were calculated using the following 
equation: 


qM(q) S3Z:Z;/rij exp( — bi;q*) sin(zqri;/10) 


(3) 


where r;; is the equilibrium distance between 
atoms i and j and Z; is the atomic number 
of atom i, apart from the value 1.25 for the 
hydrogen atom. The constant b;; is equal to 
(<Jr 2)(2/10)?, where <Jr; is the mean 
square amplitude of the atomic pair i and j. 
Making reference to the results of radial 
distribution curve, various molecular models 


were selected for the theoretical intensity 
curves. At first in order to determine the 
acceptable C-C and C-N nuclear distances, 


theoretical intensity curves were drawn for the 
models in which both distances were varied 
in and out of the range found by the analysis 
of the second peak of radial distribution curve, 
assuming C-H=1.08A, N-H--1.04A, ZCCH 

160° and ZCe-NH=120~-. In Table V the 
constants of the models which were examined 
and mean values and average deviations of 
q Govs Were listed. In Fig. 1 some of the 
intensity curves were drawn. The features of 
the theoretical intensity curves of these models 
resembled each other, so the qesica/q ratios 
were used to select reasonable models. 

If the mean amplitudes of both C-C and 
C-N are assumed to be 0.05 A, which is nearly 
equal to those of the norma! single bonds in 
most cases, the most reasonable model is such 





Masato 








C-N, A 

ig. 6. The parameter chart. The area sur- 
rounded by a solid line isan acceptable region 
when the mean amplitudes are assumed to be 
0.05A, and the area surrounded by a broken 
line includes an acceptable region when the 
smaller mean amplitudes than 0.05A are 
assumed. 


that the C-C equilibrium distance is 1.48A 
and the C-N equilibrium distances are 1.49 A. 
When C-N distances become longer than 1.49 A, 
the acceptable model is such that the C-C distance 
becomes shorter than 1.48 A and at that time the 
mean amplitudes of the atomic pairs should be 
smaller than 0.05A. If we fix the mean ampli- 
tudes as 0.05 A, then in the case when the differ- 
ence between C-N and C-C distances becomes 
larger, the amplitudes of the theoretical inten- 
sity curve become smaller at large q values 
compared to the experimental intensity curve, 
as the curve ME’ and AK’ in Fig. 1. So there 
is an intimate relation between the difference 
of the two distances and their mean amplitudes. 
From Fig. 6 and Table V reasonable C-C and 
C-N distances and acceptable regions of un- 
certainty are concluded as follows; 


C-C = (1.48+2d) +0.02 A 


C-N = (1.494d)+0.01 A 

The parameter d is dependent upon the assumed 
mean amplitudes, M.A., of the atomic pairs. 
There is the following rough relation between 
them ; 


d—0.05— M.A. 
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TABLE V. LIST OF MEAN VALUES OF Qealea/Qobs 
AND THEIR AVERAGE DEVIATIONS WHEN C-C 
AND C-N DISTANCES WERE VARIED, ASSUMING 

THE OTHER PARAMETERS TO BE CONSTANT 


Average 


Mean Mean . 
deviation 


ampli- value of 
tude = qealea/Go» 


Model 


C-C C-N 
A A 


denled 
.000 .004 
.004 .006 
.995 .005 
.008 .004 
.990 .006 
.001 .006 
.997 .007 
.003 .006 
.993 006 
.006 .005 
.997 .006 
.001 .006 
.993 .007 
.013 .005 
.004 .005 
.986 .006 
.994 .007 
.999 .007 
.001 .004 


GH .48 1.49 0.05 
GG 48 1.48 0.05 
GI -48 1.50 0.05 
GF .48 1.47 -05 
GJ 48 1.51 
FH .47 1.49 
HH .49 1.49 
EH .46 1.49 
1H 50 1.49 
FG -47 1.48 
FI -47 1.50 
HG 49 1.48 
HI .49 1.50 
EF 46 1.47 
IF 50 1.47 
IJ 0 1.51 
EJ . 51 
DI 45 

KF 52 1.47 
KG Be .996 .007 
DJ mS 1%. .996 .008 
CJ an Os .03 .996 .006 
KE we Ws .03 .006 .004 
ME we HE. .03 .003 .004 
ME' a? 05 .003 .004 
AJ a 82 .02 .998 .008 
AK me t.3 .02 .993 .007 
AK' 42 “a .05 .993 .009 


oo 
an 


SeooeooooSoSoSoSoSeSS 
2hL_hLAUANANNAAaanwan 
or or or or Or or = 


o 
w 


Next C-H and N-H bond distances were 
investigated. There are similar relations 
among C-H and N-H bond distances and their 
mean amplitudes as in the case of C-C and 
C-N distances. But as the contributions of the 
former ones to the intensity curves are smaller 
than those of the latter ones, the above relation 
is somewhat obscure. The mean values of 
Geaiea/Govs and their average deviations for the 
models in which C-H and N-H distances have 
been varied, are represented in Table VI. 
Reasonabie ranges of C-H and N-H distances 
are 1.05~1.11 A and 1.00~1.11 A, respectively. 

Finally the angles HCH, CCH». and C.NH 
were investigated. When /ZHCH is _ varied 
from 109.5° to 130°, the qeatea/govs values 
change but slightly (Table VII). The model 
of 117° seems to be the best, but the above 
range of angles will be within the experimental 
error. When the angles CCH, increase, C---cH 
distances increase and N---CcH distances decrease, 
consequently the deaica/qons Values remain 
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TABLE VI. LIST OF MEAN VALUES OF Qealed/Qobs 
AND THEIR AVERAGE DEVIATIONS WHEN C-H 
AND N-H DISTANCES WERE VARIED, 
ASSUMING THE OTHER PARAMETERS 
TO BE EQUAL TO MODEL GH 
Average 
deviation 
ol 
Qealed/ Jobs 
0.004 
0.004 
0.004 
0.005 
0.006 
0.004 
0.006 


Mean Mean 
ampli- value of 
tude = eatea/Gobs 


Model — Cc N 


1.000 
1.000 
0.998 
1.000 
0.999 
0.997 
0.998 


MO , 00 
GH , .04 
MN : R 
LP , .04 
LN ‘ 42 
NP ‘ 04 
ON ; .00 


0.075 
0.075 
0.075 
0.075 
0.06 
0.06 
0.06 


TABLE VII. List OF MEAN VALUES OF Qeaicd/Qobs 
AND THEIR AVERAGE DEVIATIONS WHEN THE 
ANGLES HCH WERE VARIED, ASSUMING THI 

OTHER PARAMETERS TO BE EQUAI 
TO MODEL GH 
Mean Average 
value of deviation of 

Geatea/Govs — Yeatea/q 
0.999 0.005 
1.000 0.004 
1.000 0.006 


Model ZHCH 
Q 109.5 
GH 117 

R 130 


TABLE VIII. List OF MEAN VALUES OF Geaica/Qot 
AND THEIR AVERAGE DEVIATIONS WHEN THE ANGLES 
CCHez WERE VARIED, ASSUMING THE OTHER 
PARAMETERS TO BE EQUAL TO MODEL GH 

Mean Average 
value of deviation of 
Geatca/ Gob salea/q 

0.999 0.005 
0.999 0.005 
0 
1 
i 


Model ZCCH: 


.999 0.005 
.000 0.004 
.000 0.005 


TABLE IX. LIsT OF MEAN VALUES OF Qeaica/q 
AND THEIR AVERAGE DEVIATIONS WHEN THE ANGLI 
C:NH WAS VARIED, ASSUMING THE OTHER 


PARAMETERS TO BE EQUAL TO MODEL GH 


Mean Average 
value of deviation of 
Geatea/q Gentea/4 
W 90 0.999 0.006 

120 1.000 0.004 
Y 180 0.998 0.005 


Model Z.C:NH 


almost unchanged (Table VIII). So the angles 
CCH, may be determined only in the range 
130~170°, as having been mentioned in the 
radial distribution analysis. As the contribu- 


tion of C---NH atomic pairs to the total mo- 
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lecular intensity curve is the smallest except 
that of H---H atomic pairs which is negligibly 
small in this case, and their distances are 
comparable to those of C---cH and N---cH, 
the angle C.NH can not be determined un- 
ambiguously. But from the destea/qovs Values 
(Table IX), the reasonable value seems to be 
about 120. 


Summary and Discussion 


By the radial distribution and correlation 
methods, the molecular structure of ethylen- 
imine was obtained as follows; 

c-C 
C-N 


(1.48--2d)+0.02 A 
(1.49=d)+0.01 A 
where 

d=0.05— M.A. 


C-H=1.08+0.03 A, N-H=1.05+0.07A 
could not be determined 
accurately. They seem to be in the range 
130~170°. The angles HCH and C:NH also 
could not be determined unambiguously, 
but ZHCH=+117~ and ZC:.NH=~120 
be probable. 

The above values of C-C and CN nuclea 
distances are consistent with the values ob- 
tained by microwave spectroscopy (Table I). 
They are especially consistent when their mean 
amplitudes are assumed to be 0.05 A. 

As for the N-H bond distance and the 
angle C.NH, the present values coincide with 
those of within the 
extents of uncertainty, but the most probable 
values of the former are somewhat larger than 
the latter. 

The C-C 148A is considerably 
shorter than the bond distance 1.54A 
of normal chain compounds as the other three- 
membered ring compounds. 


The angles CCH 


seem to 


microwave spectroscopy 


distance 
single 
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Intramolecular Hydrogen Bonding in a-Keto and a-Alkoxycarboxylic 


Acids. IIl* 


Comparison of the Spectra in the Carbonyl Region 


with Those in the O-H Stretching Region 


By Michinori Ok1 and Minoru HirRoTA 


(Received July 13, 1960) 


It was previously reported? that the O-H 
stretching absorption of carboxylic acids with 
a proton accepting group at a-position, such 
as monoesters of oxalic acid, a-ketocarboxylic 
acid, a-alkoxycarboxylic acid and a-aryloxy- 
carboxylic acid, had two maxima. The maxi- 
mum at the higher frequency has been assigned 
to the free O-H mode and the 
other at the 
the hydrogen bonded form. 

Since it is a well known fact that the C-O 
absorption (y--«) shifts to the 
hydrogen bonding forma- 


stretching 


Stretching 
lower frequency on 
tion, the frequency shift of +o to the lower 
side is also expected in a carboxylic acid which 
forms hydrogen bonding. Alternately, a trans 
carboxyl group should show ».-. at the higher 
frequency, because the carbonyl group becomes 
free on hydrogen bonding formation between 
the carboxylic hydroxy! group and the hydrogen 
In this respect, 
the authors measured ve-~o with the 
O-H stretching absorption (:09-i;) and com- 
pared the spectra, thus establishing the assign- 


accepting group at a-position. 
together 


ment of the vo nw and ve-o. 


O 


xX H 


cis structure (1 trans structure (11 


Experimental 


Measurement and Calculation. All spectral 
measurements were carried out with a Perkin Elmer 
112G grating infrared spectrophotometer as a carbon 
tetrachloride solution. The absorption curves were 
regared as an overlap of the bands with Lorentzian 
type envelopes and graphically. The 
half-width (4,2) and extinction coefficients at the 
absorption maxima (< ) are obtained by the 


separated 


above calculation and the apparent integrated inten- 
sities are obtained. The concentration of the solu- 
tion is about 0.002 mol./1. for the measurements in 
the vo-y region and 0.0005 mol./l. for the veo 


Part Il: This Bulletin, 33, 119 (1960 
1) M. Oki and M. Hirota, J. Chem. Soi Japan 
Nippon Kagaku Zasshi), $1, 855 (1960) 


lower frequency to the O-H of 


region. The measurements are carried out through 
the ranges of 3580~3350cm~™'! for the vo_y region 
and 1830~1690cm~! for the vc-o region. 
Materials.—-The compounds used for the measure- 
ment are known 
their physical constants were checked 


unless otherwise described and 
prior to the 
measurements. 

3-Phenoxypropionic Acid.—-A solution of 250g. 
1.6mol.) of j3-phenoxyethyl chloride and 120g. 
1.85 mol.) of potassium cyanide in 600ml. of 
ethanol was refluxed for four hours with stirring 
and the insoluble material was removed by filtration 
after cooling. The solvent was evaporated and the 
residue hydrolyzed by refluxing with 1000 ml. of 
20°, aqueous sodium hydroxide. The acidification 
followed by recrystallization from aqueous ethanol 
gave colorless leaves, m.p. 97°C, in 55% overall 
vield. 

Found: C, 65.21; H, 6.30. 
*, 65.05; H, 6.07%. 
7-Phenoxybutyric Acid.—-To a sodium ethoxide 
solution prepared from 38.5 g. (1.67 mol.) of sodium 
and 700 ml. of ethanol, was added 520g. (3.3 mol.) 
of diethyl malonate followed by 260g. (1.67 mol.) 
of 5-phenoxyethyl chloride and the reaction mixture 
was refluxed for six hours. The solvent was eva- 
porated and the residue poured into water. The 
organic material was taken up in ether, dried over 
inhydrous sodium sulfate and then fractionated. A 
195~200 C/16mmHg was col- 
lected, being crude diethyl a@-(2-phenoxyethyl)- 
malonate (360 g.), which was refluxed with 1100 ml. 
of 60%, acetic acid containing 85 g. of sulfuric acid. 
The product was treated according to the litera- 


Calcd. for C3H Os: 


fraction boiling at 


ture- The acid was obtained as colorless needles, 
m. p. 64 C in 65%, overall yield. 

Found: C, 66.48; H. 6.75. Caled. for C,;y)H,203 
66.65: H, 6.71 


Results and Discussion 


Comparison in the Homologous Series.— The 
vo-u and the v=o absorption spectra of some 
compounds are shown in Figs. 1 to 4 and the 
data obtained by assuming that the band 
envelopes are expressed by the Lorentz function 
are given in Table I. 

Among the homologs of phenoxyacetic acid, 
compound which shows two vo_n 

phenoxyacetic acid. The band at 


the only 
maxima 18 


2) E. B. Vliet, C. S. Marvel and C. M. Husen, ‘* Organic 
Syntheses"? Col. Vol. 2, John Wiley & Sons, New York 
(1943), p. 416 
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TABLE I. THE vo_y AND THE vc=0 ABSORPTION SPECTRA OF VARIOUS CARBOXYLIC 
ACIDS WITH HYDROGEN-ACCEPTING GROUPS 


Compound YO-H; 
Phenoxyacetic acid 3526.9 
3-Phenoxypropionic acid ko 
y-Phenoxybutyric acid 3534.2 
Methoxyacetic acid 3526.7 
Isopropyloxyacetic acid 3533.6 
tert-Butoxyacetic acid 3528.0 
a-Phenoxypropionic acid 3526.3 
a-Phenoxyisobutyric acid 3526.3 


Pyruvic acid aa 
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7 + 
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~ 30 F 
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j= i _ = 
3450 3500 3550 


Wave number, cm =! 
Fig. 1. The »o_y bands of CsH;O- (CHy2) ,CO2H 
n= n=2 —- N=3 vere 
The curve of phenoxyacetic acid is separated 
into the two symmetrical absorptions. ( 


extinction coefficient 


Molar 


Wave number, cm~™! 


Fig. 2. The »ceo absorptions of C;H;O(CH: 
CO;>H. n-1 n= 2 


higher frequency has been assigned to the 
y ; of the monomeric acid, whereas the band 
at lower frequency has been assigned to the 
monomeric acid with an intramolecular hydro- 
zen bonding. The higher homologs exhibit 
one band at ca. 3530cm~' which can doubtless 
be assigned to the usual vo mode of mono- 


cm vc-o,. cm 


3487.5 1790.6 1762.9 1737.4 
1760.8 1719.0 
~- - 1760.0 1715.8 


3450.8 1791.3 1761.3 1730.9 
3437.4 1787.6 1760.8 1731.7 
3424.2 1788.5 1759.3 1733.3 
3475.1 1785.7 1758.7 1731.4 
3431.6 1786.1 1754.4 1716.4 
3430.7 1788.5 1725 

Bi 

2 

2 

5 

= 

-) 

= 


Wave number, cm 


Fig. 3. The vo_y absorption of pyruvic acid. 


2 
a 
2 
7) 
= } 
2 
¥ 
-) 
= 
Wave number, cm 
Fig. 4. The ze-o absorption of pyruvic acid. 


meric acid. The results are indicative of the 
absence of hydrogen bonding between the 
carboxylic hydroxyl group and the oxygen 
atom of the phenoxy! group in j3-phenoxypro- 
pionic and 7-phenoxybutyric acids. 

In the carbonyl region, phenoxyacetic acid 
shows three maxima and a shoulder at ca. 
1715cm~', while $-phenoxypropionic and 7- 
phenoxybutyric acids exhibit only two bands. 
Acetic acid and benzoic acid also possess similar 
absorptions with the latter two compounds. 
Comparison of these data together with the 
study of the change in concentration as de- 
scribed later indicates that the band at about 
1760cm~' is arising from the cis structure of 
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TABLE II. 


ACCEPTING GROUPS WITH 


Compound R 


; can H 
H 


C,H;OCH-COOR | 
E thyl 


COOR H 
! 4 
COOCH 


Methyl 


H 


C;H-COOR Ethyl 


H 


CH,COOR Ethyl 


a monomeric carboxylic acid illustrated by I, 
whereas the band at 1790cm~! must corres- 
pond to the trans structure. 

The difference (Jymax) of the wave number 
between the band maxima corresponding to 
the cis and the trans structures is about 30 
cm and may be explained in the following 
way. That is, the peak for the cis isomer 
shifts to the lower frequency because of the 
formation of the hydrogen bonding between 
the carboxylic hydroxyl and carbonyl groups, 
a non-planar® four-membered ring being formed. 
Although this may be taken as a _ peculiar 
phenomenon, a support is found in_ the 
accumulated data in this laboratory. None 
of the phenylacetic, diphenylacetic and _ tri- 
phenylacetic acids show intramolecular interac- 
tion between the hydroxyl group and 
trons, the existence of which is naturally 
expected from the analogy of N-methylpheny!- 
acetamide». The absence of the interaction 
must be interpreted by considering that there 
is a favorable structure over the intramolecular 
O-H:::z interaction, the energy of which 
is estimated as about | kcal./mol. The stabiliza- 
tion may be afforded by the presence of O-H-: 
O-C hydrogen bonding in the cis structure of 
the carboxylic acid. 

The homologs of methoxyacetic acid which 
carries methyl groups show some variation in 
the ve =. absorptions according to the degree of 
substitution. Although the authors cannot 
comment precisely on the cause of the variation 
at the present time, it is probable that the 
electronic effect of the introduced methyl 
groups is playing an important role. 

Pyruvic acid possesses two peaks at 1788.5 
cm and 1725cm and a shoulder at 1735 
cm but the band at 1760cm which is 


z-elec- 


3) C. P. Smyth, “ Dielectric Behavior and Structure ”’ 
McGraw-Hill Book Co., Inc., New York (1955), p. 306, 

4) H. Iwamura, unpublished work. 

5) I. Suzuki, M. Tsuboi and T. Shimanouchi, Spectro- 
chim. Acta, 16, 467 (1960). 


COMPARISON OF THE SPECTRA OF 
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CARBOXYLIC ACIDS CARRYING @-HYDROGEN 


THOSE OF THEIR ESTERS 


yc=0, cm=! 


common for the other acids failed to appear. 
This is reasonable, since the band at 1760 cm 

corresponds to the cis species, the absorption 
of which in the vo-n region is negligibly 
small. The band at the highest frequency is 
assigned to the free carbonyl group of the 
carboxyl group which is due to the hydrogen 
bonding formation between the carboxylic 
hydroxyl and the a-carbonyl groups. The 
origin of the two bands at the lower fre- 
quencies is determined through the study of 
concentration effects on the intensities. The 
band at 1735cm is assigned to the dimeric 
carboxyl group and the other at 1725cm~' to 
the a-carbonyl group. 

It is well known that 
acid has the monomer y absorption at 
abnormally high frequency. The phenomenon 
has been attributed to the inductive and the 
field effects of the a-keto group. However, it 
that pyruvic acid exclusively 
exists as the trans monomer with the 
carbonyl group of the carboxyl group which 
causes the absorption at the high frequency. 

Comparison of the Spectra of the Acids with 
those of the Esters.--In Table II are listed the 
vi spectra of esters together with the cor- 
responding acids. Since the esterification 
cancels all posibilities of hydrogen bonding, 
esters of the carboxylic acids which carry the 
hydrogen accepting group at 
expected to be normal when compared with 
the ordinary esters and this is proved to be 
the case. None of the esters show veo band 
as high as 1790 cm 

Ethyl pyruvate shows one somewhat unsym- 
band at 1733cm which is 
believed to be an overlap of the ester and 
ketone bands. The band intensity 
twice that of the normal esters. Ethyl phenoxy- 
acetate possesses two absorptions in the car- 
bonyl region, the intensities being nearly equal 
This may be attributed to the 


the a-ketocarboxylic 


is now evident 


free 


a-position are 


metrical yve=o0 


is nearly 


phenomenon 





w 
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TABLE III. THE EFFECT OF THE CONCENTRATION ON THE INTENSITIES OF THE ABSORPTION 
BANDS OF PHENOXYACETIC ACID 
Intensity of the absorption band 
) f 
Concentration yvce-o Of the trans we-o of the cis se af the 2 sis 
mol./I. structure of the structure of the aa ool : ia 
monomer (¢;) monomer (¢;) 
at 1790.6cm at 1762.9cm~! at 1737.4cm 
0.00092 204 153 281 1.33 
0.00046 248 185 252 1.34 
0.00023 300 226 221 1.33 
0.000058 390 278 185 1.40 


existence of the rotational isomers or to some 
other cause. The decisive comment cannot 
be made at the present stage. 

The Effects of Concentration on the vce-o 
Bands of Phenoxyacetic Acid.—As was already 
pointed out, phenoxyacetic acid possesses three 
v--0 bands, the intensities of which are 
measured at various concentrations in carbon 
tetrachloride. The results are shown in Table 
IIT. 

It is recognized that the intensities of the 
bands at 1762.9cm~! and 1790.6cm increase 
with the decreasing concentration, while the 
band at 1737cm decreases on lowering the 
concentration. These behaviors indicate that 
two bands at the higher frequencies must be 
attributed to the monomeric forms of the 
carboxylic acid and the other at 1737cm™' to 
the dimeric form. It is also found that the 
ratio of the intensities of the bands at 1762.9 
cm and 1790.6cm is almost constant at 
the various concentrations. This fact suggests 
that the equilibrium between the cis and the 


TABLE IV. ASSIGNMENT OF THE vo_y AND THE 
Yc=-0 BANDS OF A CARBOXYLIC ACID WITH AN 


@-HYDROGEN-ACCEPTING GROUP 


Monomer 

Struc- Dimer 
ture Cis structure Trans structure cm 
cm"! cm~! 

3550~3500 3490 ~3390 

’C=0 ca. 1760 ca. 1790 


3300 ~ 2500 
1730~1710 


trans forms is not influenced by the concentra- 
tion. 

Assignment of the Band. From the above 
discussion, it is apparent that the bands can 
be assigned as shown in Table IV. 


Summary 
The ve=o and the vo-n absorption of car- 
boxylic acids were measured and the following 
conclusion was obtained; 1) The carboxylic 
acids carrying a proton-accepting group at a- 
position give three absorption bands at ca. 
1790 cm~', ca. 1760cm~' and 1740~1710cm 
which can be assigned to the trans form of 
the monomeric acid, the cis form of the mono- 
meric acid and the dimer, respectively. 2) The 
Jemax between the cis and the trans forms can 
be explained from an intramolecular hydrogen 
bonding between carboxylic hydroxyl and 


carbonyl groups. 


wish to express their hearty 
thanks to Professor Y. Urushibara for his 
encouragement and advice throughout this 
work. The authors are also indebted to Mr 
H. Iwamura and Mr. K. Mutai for their 


technical assistance. 
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The authors measured the O-H stretching 
(von) and the C-O stretching (ve=0) bands 
of various carboxylic acids and concluded that 
there is a hydrogen bonding in the acids carry- 
ing a hydrogen-accepting group at a-position. 
The hydrogen bonding is doubtlessly formed 
between the carboxylic hydroxyl group and the 
hydrogen-accepting group. Phenoxyacetic acid 
satisfies the above conditions and is found to 
exist as “free” and “bonded” species, from 
the data obtained in O-H stretching and 
carbonyl] regions. 

The strength of the hydrogen-accepting power 
of the oxygen atom in the phenoxyl group 
may be assumed to be proportional to the 
electron density on the oxygen atom. Since 
it is Known that Hammett’s o constants and 
the pK, values of phenols are in linear relation, 
it can be seen that the o constant” is a measure 
of the electron density of the oxygen atom in 
the aryloxy group. Thus the electron-repelling 
group will enrich the electron-density on the 
oxygen atom to be favorable as a hydrogen 
acceptor and the contrary situation is expected 
for the electron-attracting group. 

The present paper deals 
the substituent in the phenyl group on the 
vo-u and » absorptions, thus giving 
another verification for the existence of a 
hydrogen bonding between the _ carboxylic 
hydroxyl group and the hydrogen-accepting 
group at a-position. 


the wv 


Experimental 


Preparation of the Materials. —- Aryloxyacetic 
were prepared in the following way. 


sodium aryloxide and 


acids 
lent amounts of sodium 

1) Part III: M. Oki and M. Hirota, This Bulletin, 34, 
374 (1961). 

2) M. Oki and M. Hirota, J. Chem. Soc. Japan, Pure 
Chem. Sec. (Nippon Kagaku Zasshi), 81, 855 (1960). 

3) Although C. P. Smyth (‘Dielectric Behavior and 
Structure”, McGrawHill Book Co, Inc., New York (1955), 
p. 307) used the name cis and trans for the carboxyl group 
which has hydrogen atom between the two oxygen atoms 
and the other of which hydrogen atom is located outside 
the two oxygen atoms, respectively, ‘free’? and ‘“‘bonded”’ 
are used in this paper because of the nature of situation. 
However, as pointed out previously (Ref. 1), existence of 
a hydrogen bonding has been deduced in the cis form. 
Thus quotation marks are used to distinguish between the 
Situation in this work and purely free form. 

4) H.H. Jaffé, Chem. Revs., 53, 191 (1953). 

5) A. Michael, J. Am. Chem. Soc., 9, 180 (1887). 


with the effect of 


Equiva- 


chloroacetate in water were heated on a water bath for 
one totwo hours. The reaction mixture was acidified 
and extracted with ether. The ethereal extract 
was shaken with aqueous sodium bicarbonate and 
the aqueous layer was acidified. The aryloxyacetic 
acid was recrystallized from benzene. Those which 
are not listed in Table I are known compounds and 
their physical constants agreed with the literature. 


TABLE I. ARYLOXYACETIC ACID 
(RC;H,OCH.COOH) 


Analyses 


C, % 
Found Caled. Found Calcd. 
48 .80 48.74 7.19 7.00 
51.62 51.47 3.96 3.75 
59.35 59.33 5.41 5.33 
59.48 59.33 5.60 5.33 


m-NO, 151 
p-Cl|* 158.5 
m-CH,O 119 
p-CH,O 112 


* Since the melting point (152°C) reported 
in the literature disagreed with that meas- 
ured in this work, the purity was checked 
by elemental analysis. 


Measurement and Calculation.—The measurement 
of the spectra were carried out with a Perkin 
Elmer 112G_ grating spectrophotometer. The 
materials were dissolved in carbon tetrachloride to 
make up concentration of ca. 0.002 mol./l. for the 
vo_y and ca. 0.0005 mol./l. for the »e-o measure- 
ments' The spectral slit width was 1.0cm~! for 
the »o_» region and 0.6cm~! for the »vc-o region. 
The absorption curves were assumed to be an overlap 
of the bands which obey the Lorentz function and 
the half band-widths (4y*,;/2) and the extinction 
coefficients (¢"max) at the maxima were obtained 
by Ramsay’s first method. That is, the approxi- 
mate absorption maxima, Jv",/2°s and ¢*max were 
obtained by dividing the curves graphically and the 
characteristic numericals were corrected by the trial 
and error method. 


Results and Discussion 


Locations of the absorption maxima and the 
integrated intensities of the bands of aryloxy- 
acetic acids are summarized in Table II. 


6) p-Nitrophenoxyacetic, m-nitrophenoxyacetic and 
h-benzyloxyphenoxyacetic acids were exceptions, of which 
poor solubility in carbon tetrachloride did not allow to 
measure at this level of concentration. The measurements 
of the nitro compounds were run with the saturated 
solutions. 

7) D. A. Ramsay, J. Am. Chem. Soc., 74, 72 (1952). 
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E VL. THE vo on ABSORPTIONS OF SUBSTITUTED PHENOXYACETIC ACIDS 


: : log(10- 
Substituent 7 yr, CI Yb, CN : . 1, 


Concentra- 
tion 
10>? mol. /1. 


p-NO 77% ’ not found 
m-NO 3522.3 3493 
m-Br 3484 
p-Br 3494 
p-Cl 3492 
n-CH.O 3484 
H 3487 
m-CH 3486. 
p-CH 170 3484, 
p-CH,O 268 348] 
p-C,H,CH:O 0.41 


! 


+ 
4 
7) 


a 
an 
ty tv 
na to 


7) 
nan 


w 
na 


pe 


ys) 
n 
an 


An 
1s 


y) 
4 
x 


4 


vy) 
4 
ty te ty te to te te 


4 


2482, 


eat 
a 


Saturated solution. 
The integrated intensity can be calculated by 


4Jv*,/s, because the correction factors” are aln 


ment. 


aryloxyacetic acid with a substituent 
whose @ value is smaller than 0.115 (for meta- 
methoxyl) shows two apparent maxima, as 
exemplified by #m-methylphenoxyacetic acid in 
Fig. |. The separation of the two absorption 
maxima is fairly large According to the 
previous paper, the band at ca. 3525cm is 
assigned to the cis structure (1) and the other 
at ¢a. 3499cm~‘ to the trans (II). Therefore, 
it can be said that the electron-repelling groups 
enhance the contribution of the trans, “bonded” 
form. If it can be assumed that the larger 
Sy represents the more stabilization, then 
it is also clear that the aryloxyacetic acids 
carrying the electron-repelling group forms the 


more stable hydrogen bonding. 


t 


2 
2 
Y 
- 
4 
Y 
x 


Intensity 


Wave number, cm 


oo O O 
Fig. 1. The voy absorption of m-methylphenoxy- 


acetic acid. RC,H,OCH H RC.H,OCH 


H 


structure ** bonded *’ structure 


to the substitution of the electron-attract- 
ing group, the aryloxyacetic acids do not show 
two maxima. p-Chlorophenoxyacetic and p- 
bromophenoxyacetic acids possess absorption 
bands with a peak and a shoulder as shown in 
Fig. 2, p-chlorophenoxyacetic acid being taken 
as a representative. m-Nitrophenoxyacetic acid 
shows a somewhat unsymmetrical absorption, 
while p-nitrophenoxyacetic acid a nearly sym- 
metrical band. The error caused by the poor 
solubility of p-nitrophenoxyacetic acid prevents 
the division of the band into two. 
Wave number, cm~! The bands at higher and at lower wave 


(Extinction coefficient) 


Intensity 





3500 


Fig. 2. The von absorption of p-chloro- numbers are undoubtedly assigned to the “free” 
phenoxyacetic acid. and to the “bonded” OH’s, respectively, as 
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reported in the previous paper. Then it is 
evident that the electron repelling groups favor 
the “bonded” form and the electron-attracting 
groups the “free” form. 

Since an equilibrium between the “free” 
and the “bonded” forms is considered to be 
operative, an equilibrium constant K;,, may be 
expressed by Eq. 1. 

K, [bonded] (1) 
|free} 
On the other hand, the concentrations of each 
of the species are proportional to the inten- 
sities of the respective vo-n, as far as Beer’s 
law is applicable. Therefore, Eq. 1 may be 
transformed to 
; A 
K a 
A; 
where A;, and A 
due to the “bonded” and the 
cules, respectively, and 
ing to the magnifying power of the absorption 
intensity per molecule, when hydrogen bonding 
is formed. The value “a” is assumed to be 
equal for the series of compound. 
Hammett’s o value is defined as 


a= log (K/Ky) (3) 


are the integrated iniensities 
“free” moie- 


a is aconstant pertain- 


where Ky and K are dissociation 
benzoic acid and the substituted benzoic acid, 
respectively. Thus a linear relation is ex- 
pected between o value and log (A,/Ar) from 
Eqs. 2 and 3, because o value is also a measure 
of the basicity of the oxygen atom in the 
aryloxyl group. The log (A,/Ar) versus o 
diagram is shown in Fig. 3 and the relation 
is linear as expected. 

The frequency shift (Jymox) from the “ free” 
molecule to the “bonded” is also plotted 
against the o value. The result (Fig. 4) may be 
considered as linear relation. The larger the 
the A,/Ar value, the more is the Jymax. Since 
it is accepted that the energy of a hydrogen 








Fig. 3. The relation between the intensity ratio 
A,,/A-¢ and the Hammett’s substituent constant. 


constants of 
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o 


4 The relation between the Jy 


he Hammett’s substituent constant 


shift of the 
rough approximation, 


bonding is proportional to the 
the wave number as a 
this dy a relation seems to be reasonable 

The measurement was extended to the carbo- 
nyl region and the band at 1790cm7' which is 
to the “ bonded” form and the band 
at 1790cm which is assigned’? to the 
‘bonded ” form and the other at 1760cm 
due to the “free” form are also found in 
every case. 

Although these bands are nearly symmetrical, 
the dimer band at ca. 1730cm always over- 
laps with these, making it hard to obtain the 
integrated intensities. ¢/er is obtained in 
this regard, where ¢, and é- are the extinction 
coefficients of the “bonded” and the “free” 
molecules at the corresponding peaks. The 
results are summarized together with other 
data in Table III. The result indicates that, 
when the o value is large with a plus sign, 
ép/ér iS Small and agrees with the tendency 
obtained in the vo_1 measurement. 


assigned 


TABLE III. THI Yc=-0 ABSORPTION OF 


ARYLOXYACETIC ACIDS 


vc-o Of the y»ce-o of the 
‘* free ”’ ** bonded ”’ 
structure structure 

m-NO: 1768. 17 

m-Br 1764. 17 

17 

17 


Substituent 


88.9 .20 
8 .19 


89. 
90.2 mt 
90.6 .37 
1791. . 


1790. .63 


p-Cl 1763. 
H 1762. 
p-CH 1763.0 
p-CH,O 1760.5 


The vo-n band of the dimeric carboxylic 
acid is known to be a very broad band and is 
often masked by the ve_» band. However, 
the »ve=z0 band of the dimetric acid is easily 
observable and it is known in this measurement 
that the contribution of the dimer is fairly 
large even in a dilute solution. From this 
result, the direct comparison of the absolute 
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intensities of the bands corresponding to the 
“free” and the “bonded” forms becomes less 
significant. Thus, the ratio A»p/Ar¢ or ép/ér iS 
exclusively used for the present discussion. 
The concentrations of the solutions are also 
included in Table III, because the contribution 
of the dimers may insert influence upon other 
data. The detailed discussion on the effect of 
concentration will be reported elsewhere in 
connection with the dissociation constant of 
the dimer. 


Summary 
The electronic effect on the hydrogen bond- 


ing formation in aryloxyacetic acid was 
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examined. It is found that the _ electron- 
repelling groups enhance the band at the lower 
frequency in O-H stretching region and the 
band atca. 1790cm~'. The result is completely 
agreeable with the expectation that the electron 
density on the oxygen atom in the aryloxyl 
group controls the hydrogen bonding formation. 


The authors are grateful to Professor Y. 
Urushibara for his encouragement throughout 
this work. 
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Infrared Spectra of Isotactic 


Polystyrene, Isotactic Poly-a, 3, 3-trideuterostyrene and 
Isotactic Poly-p-deuterostyrene™' 


By Hiroyuki TADoKORO, Yoshiyuki NisHiyAMA,*’ Shun’ichi NOZAKURA 
and Shunsuke MURAHASHI 


(Received September 12, 1960) 


Isotactic polystyrene is a very interesting 
polymer from the point of view of fine struc- 
ture and fine texture. Its crystallinity can be 
varied over wide range, from amorphous to 
highly crystalline state by heat-treatments, 
and also a highly oriented sample can be 
made by hot stretching. We are now study- 
ing this substance by use of the X-ray, in- 
frared and density measurements. In_ this 
paper we wish to present a report on the re- 
sults obtained from the changes of infrared 
spectra with crystallization and the infrared 
dichroism of isotactic polystyrene (IPS), iso- 
tactic poly-a, 8, 8-trideuterostyrene (IPTDS), 


(-CD.-CD~-)»- and isotactic poly-p-deutero- 
C.H; 
styrene (IPPDS), -(CH2-CH-)>-. 
D 


1) Part I of this series, S. Murahashi, S. Nozakura, M. 
Sumi and K. Hatada, This Bulletin, 32, 1094 (1959). 

*1 Presented at the Annual Meeting of the Society of 
High Polymer Science in Tokyo, June, 1958, and at the 
Symposium on High Polymers in Osaka, October, 1958. 

*2 Present Address: T6h6 Rayon Co., Ltd., Research 
Institute, Tokushima. 

2) G. Natta, Makromol. Chem., 16, 213 (1955). 


Natta”? measured the infrared spectra of IPS 
both at solid and molten states. He showed 
that the spectrum of IPS at the molten state 
is similar to that of atactic polystyrene (APS), 
but did not discuss it further in detail. Liang 
and Krimm” reported the detailed analysis of 
the infrared spectrum of polystyrene. Their 
analysis was, however, based only on the com- 
mercial ASP, and they have not yet examined 
the dicroism and the deuteration of this 
polymer. Deuteropolystyrenes (probably atac- 
tic) were prepared by Beachell and Nemphos”, 
but the infrared spectra of their products seem 
not to be published yet. 

Samples.— The samples used in this work are 
IPS, IPTDS and IPPDS polymerized with Ziegler 
catalyst. The deuterated polymers were prepared 
according to the following schemes: 

C.HsMgBr 
— 


»-C=CH ~ S-C=CMgBr 
D.O PS ala a Oe pe. . 
7 ae C=CD Lindler » CD-CD: 
catalyst 
» -(CD.-CD-) p- 
Ziegler 
catalyst Yr 


Y 
3) C. Y. Liang and S. Krimm, J. Polymer Sci., 27, 241 
(1958). 
4) H.C. Beachell and S. P. Nemphos, ibid., 25, 173 
(1957). 
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Fig. la. Infrared spectra of isotactic polystyrene ( sample subjected to heat-treatment ; 
---- quenched sample) and atactic polystyrene (-----). 
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Fig. lb. Infrared spectra of isotactic poly-a, , 5-trideuterostyrene | sample subjected 
to heat-treatment ; quenched sample) 
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Fig. lc. Infrared spectra of isotactic poly-p-deuterostyrene ( sample subjected to heat- 
treatment ; quenched sample) and atactic poly-p-deuterostyrene (--~--) 


Br- il go , .-MeBr The films for the infrared measurements were 
? cast on a metal plate*® from toluene solution, and 

D.O Me were subjected to one of the following treatments 
> Br-< D Mg 1) quenching, 2) heat-treatment after quenching, 
and 3) elongation and subsequent heat-treatment 

CH.CHO — CH.CH ; The quenched sample was prepared by heating in 
Wood's alloy at about 240 C** for 15~30sec., and 

OH subsequent quenching in cold water. The oriented 

H.O . : sample was prepared by stretching very slowly in 
KHSO, CH.-CH- ; boiling water, until it could be stretched no more 
(about 5 times of the original length). Heat- 

a (-CH,-CH-), treatment was taken in Wood’s alloy at about 
catalyst 180°C for 30min. The crystallization and the 


*3 A glass plate and the surface of water were also used 
for casting the film. 


4 The melting point of IPS is reported to be 230°C 
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Fig. 2a. Infrared dichroism of isotactic polystyrene : 
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Fig. 2b. 
perpendicular to elongation, 


Optical density 


Infrared dichroism of isotactic poly-a, 


Wave number in cm 


Fig. 2c. 
dicular to elongation, 


orientation of the samples were confirmed by the 
X-ray photographs. 

Infrared spectra were measured by using a Hitachi 
Model EPI-2 recording infrared spectrophotometer 
with sodium chloride and potassium bromide prisms 


and silver chloride polarizers. 


Results and Discussion 


Features of the Spectra. — Fig. | shows the 
spectra of IPS (a), IPTDS (b) and IPPDS (c). 
together with those of atactic samples (lower 
curve in Figs. la and Ic) for reference. In 
the figures the solid lines are for the samples 
subjected to heat-treatment and broken lines 
for the quenched samples. In Fig. 2, polarized 
infrared spectra of the oriented samples of 


IPS (a), IPTDS (b) and IPPDS (c) were 
shown. The solid lines represent transmission 
with the electric vector perpendicular to the 


stretching direction, and the broken lines that 
with the electric vector parallel to the stretch- 
ing direction. In Figs. 1 and 2, the films 
used for the absorption measurements with 


Infrared dichroism of isotactic poly-p-deuterostyrene : 
electric vector parallel to elongation. 


J, 3-trideuterostyrene : electric vector 

electric vector parallel to elongation 

A ’ 
, ~, | i 
f\¢ 
i? 
' 

electric vector perpen- 


sodium chloride prism are not all the same 
as those for the measurements with potassium 


bromide prism. The spectral data and the 
tentative assignments were also shown in 
Tables I-III. 


As shown in Fig. 1, the spectra exhibit con- 


siderable changes with crystallization. The 
bands at 1364, 1314, 1297 and 1185cm™! in 
the spectrum of IPS are very sensitive to 


crystallization, and have strong dichroic nature. 
These four bands appear in weak intensity 
even in the spectrum of quenched samples of 
IPS, while do not appear in the spectrum of 
APS. On the other hand, the spectra of 
IPTDS do not show any bands at these four 
positions. The band at 1070cm of APS 
which splits slightly into two bands in the 
spectrum of the quenched IPS, undergoes large 
splitting with increase in intensity and sharp- 
ness in the spectrum of the crystallized IPS. 
The resulting two bands are at 1080 and 1048 
cm~', showing strong perpendicular dichroism. 
The spectrum of the quenched IPS is similar 
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TABLE Ia. SPECTRAL DATA AND TENTATIVE ASSIGNMENT OF IPS (CRYSTALLIZED) 


Frequency in cm7! Intensity* Dichroism Tentative assignment”) 


3103 W 

3082 m L 

3060 Ss | »¥(CH) pn 
3026 | 

3002 W 

2924 VS l ¥a(CH2) 
2849 m vs(CH2) 


1946 W 

1872 W 

1801 W ! combination of 7(CH)pn 
1748 Ww 

1675 Ww i 

1602 s l y(CC) pn, kK (A1) 

1583 m ! v(CC) pn, | (Bi) 

1542 W 

1493 s ! v(CC)pn, m (Aj) 

1452 VS | »(CC)pn, n (Bi) 

1444 0(CH2) 

1387 sh 

1364 S | associated with helical configuration 


1324 m ! 
1314 m associated with helical configuration 


1297 m associated with helical configuration 
1260 Ww 

1197 sh 

1185 m associated with helical configuration 
1181 W 3(CH)pn, a (A;) 

1154 Ww §(CH)pn, ¢ (Bi) 


1111 Ww 

1080 m L - §(CH)pn, d (B;) 
1048 | 

1028 8(CH)pn, b (A;) 
1004 

985 [ 7(CH)pn, j (Bz) 
965 7(CH) pn, h (Az) 
920 | 

906 t 7(CH)pn, i (Bz) 
898 

842 7(CH) pn, & (Az) 


—77¢ 


5 
755 7¥(CHpn), f (B») 
697 

620 

586 m 

566 s 

550 sh 

499 Ww 

429 Ww 


vs: very strong, s: strong, m: medium, w:weak, vw: very weak. 

Whiffen’s notations for the vibrational modes of the monosubstituted benzenes were 
used in this table. 

v(CH)pn: phenyl CH stretching, »(CC)pn: phenyl CC stretching, §(CH) pn: phenyl 
CH in-plane deformation, 7(CH)pn: phenyl CH out-of-plane deformation, va(CH:): 
CH, asymmetric stretching, »,(CH2): CH: symmetric stretching, d(CH2): CH» 
bending. 
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TABLE Ib. SPECTRAL CHANGES OF POLYSTYRENE WITH CRYSTALLIZATION 


APS Quenched Crystallized Changes with 
IPS IPS crystallization 


1583 (m) 1583 (m) 1583 (m) increase intensity 
1444 (sh) appear 
- - 1387 (sh) G 
1370 1367 (s 1365 (s) 
1328 1324 1324 (m) 
1306 1312 1314 (m) increase intensity 
— 1297 1297 (m) 
1260 (w) appear 
1185 (m) 
1080 (m) 
1048 (m) 
985 (s) 
(APS only) 


920 (m) 
906 (m) 
898 (m) 


775 (sh) appear 

755 (vs) increase intensity 
620 (w) a 

586 (m) 4 

566 (s) 

550 (sh) 

499 (w) appear 

429 (w) 4 


TABLE II. SPECTRAL DATA OF IPTDS 

Frequency 
in cm-!s 

3102 w 

3083 m 

3058 s 

3021 s 

2997 Ww 

2910 WwW 

2195 s 

2095 m 

1950 Ww 

1875 Ww 

1805 w 

1602 s 

1581 increase intensity 

1537 

1493 

1447 

1385 y : increase intensity 

1328 

1303 

1292 vw (broad) 

1240 w 

1179 w 

1154 Ww 

1100 m | increase intensity 

1077 s 

1052 vw | increase intensity 

1025 m 


Intensity Dichroism Changes with crystallzation 


1006 w increase intensity 
1000 vw 
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TABLE II (Continued) 
980 ! increase intensity 
965 i 
940 appear 
903 ! 898 cm! (quenched IPTDS) 
891 
840 
834 i 
774 | appear 
754 VS 
740 Ss appear 
697 Vs 
620 M 
562 m increase intensity 
548 s 545cm~' (quenched IPTDS) 
a) Data on the crystallized IPTDS. 
TABLE III. SpecrrRaAL DATA OF LPPDS 


Frequency Changes with 
| = Intensity Dichroism a. 
in cm! ? crystallization 
3071 S 


3024 s 
2997 sh 
2925 VS 
2850 S 
2290 “ 
2264 m 
1920 m 
1803 Ww 
1689 W 
1600 s 
1578 sh 
1487 s 
1441 S 1446cm~' (quenched IPPDS) 
1417 s 
1363 m increase intensity 
1355 sh 
1325 VW increase intensity 
1314 m 4 
1297 Ww 4 
1265 Ww appear 
1220 Ww 
1183 m increase intensity 
1107 m 
1077 (toluene 7 
1055 appear 
1021 
980 
960 
948 increase intensity 
915 appear 
862 increase intensity 
846 
830 appear 


776 


730 (toluene ?) 

699 m 

609 Vs 605 cm~! (quenched IPPDS) 

560 m 545cm~'! (quenched IPPDS and APPDS) 
493 vw 


a) Data on the crystallized IPPDS. 
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on the whole to that of APS, but is different 
on the points that 1) the 1070cm band 
splits in the quenched IPS and 2) the 542cm 
band in APS shifts to 557cm~! in the quench- 
ed IPS. These cases may be considered to 
be the examples that the infrared spectrum 
indicates the existence of localized regularity 
in some narrow region, which can be hardly 
observed from the X-ray photographs. The 
band at 985cm~! shows marked change of 
intensity with heat-treatment.** It is an in- 
teresting fact that a band which shows be- 
havior similar to this band in the spectrum of 
IPS (crystallization-sensitive and perpendicular 
natures) appears also at the same wave 
number (980cm~') in the case of IPTDS. 
This fact suggests that these bands appear from 
the similar origins and it would be considered 
that the bands can be used for the determina- 
tion of the degree of crystallinity. In _ the 
spectra of IPPDS (Figs. Ic and 2c), the band 
at 948cm~! is also very sensitive to crystal- 
lization, but has parallel dichroism, differing 
from the 985cm~! band of IPS. The band 
which appears at about 906cm~' in the spec- 
trum of APS as well as the quenched IPS 
splits with crystallization into two bands, i.e. 
the perpendicular band at 920cm™~' and the 
parallel one at 898cm~! (Fig. 2a). The in- 
tensity of the 755cm~! band increases remarka- 
bly with crystallization. 

Treatment with Factor Group. — The crystal 
structure of IPS analyzed by Natta et al.°? and 
Bunn et al.°? belongs to trigonal symmetry 
class. The molecular chain in the crystalline 
state has a structure of three-fold screw axis. 
An infinitely extended molecule of three-fold 
screw symmetry may be represented by a one- 
dimensional space group. When the interchain 
interaction is negligible, it is adequate to con- 
sider its factor group C(2z 3) shown in Table 
IV. The symmetry operation, C’', bringing 
any structural unit into coincidence with an 
adjacent unit, consists of a rotation of 27/3 
about the screw axis followed by a translation 
of 1/3 of the identity period of 6.65 A along 
the axis. In the case of this group C(2z/3), 
there appear the species A and E. In _ species 
A whole structural units vibrate in the same 
phase, and the direction of the transition 
moment is parallel with the screw axis. In 
E, the phase of the vibration of a 


pecies 
Structural unit is different from that of the 
*S In the spectra of APS and quenched IPS, a weak 
band is observed at 980cm 
5) G. Natta and P. Corradini, Makromol. Chem.. 16, 
77 (1955). 
6) C. W. Bunn and E. R. Howells, J. Polymer Sci., 18, 
307 (1955). 


7) A detailed description on the factor group analysis 
of a helical molecule will be found in C. Y. Liang and 
S. Krimm, J. Chem. Phys., 25, 563 (1956) 
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TABLE IV. 
REPRESENTATIONS, NUMBER OF NORMAL 
POLYSTYRENE 


SYMMETRY SPECIES, IRREDUCIBLE 

MODES, 

AND SELECTION RULES FOR ISOTACTIC 
UNDER THE GROUP C(27/3) 


E C' C* Null vib. a L. &. Raman 
A ll | T R 46 active (|) active 
2 e- ¥ | 
E Sag ead 2! pA lactive ( L) active 
- ) 
e =expi(2z/3) 
; 
/ \ 
/ 
A : 
adjacent structural unit by 22/3, and con- 


sequently the direction of the transition moment 
is perpendicular to the screw axis. In the 
cases in which the interaction among. the 
structural units is so strong that the frequen- 
cies of the A and the E modes clearly split, 
these bands should show strong dichroism. 
On the contrary, in the cases in which the 
interaction among the structural units is not 
so strong, and the frequencies of the A 
and the E modes are nearly equal, both bands, 
i.e. the parallel band of the species A and 
the perpendicular band of the species E, super- 
pose in the same location of the spectrum. 
In this case the dichroism of the more intense 
component will appear. Which dichroism ap- 
pears may be decided by the angle between 
the direction of the transition moment in each 
structural unit and the screw axis. It should 
be mentioned here that the vibrational modes, 
in which the interaction between the neigh- 
boring helical molecules is strong, can not be 
interpreted by the aforementioned method of 
factor group for a single molecular chain. 
Methylene Group Vibrations..-The CH» an- 
tisymmetric stretching band at 2924cm~! shows 
a distinguished perpendicular nature, which is 
explainable by the fact that the direction of 
the transition moment of this vibrational 
mode of each structural unit is nearly per- 
pendicular to the screw axis. On the other 
hand, the CH. symmetric stretching band at 
2849 cm shows only very weak dichroism. 
The direction of the transition moment of 
this vibrational mode is on the bisector of the 
angle H-C-H of the methylene group. The 
angle between this direction and the screw 
axis is considered to be about 58° from the 
angle 116° of the C-C-C of the main chain 
of this polymer estimated by Natta et al. 


8) G. Natta and P. Corradini, J. Polymer Sci. 20, 251 
(1956 
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'Ca.70° 


Fig. 3. The molecular structure of isotactic 
polystyrene in the crystalline state. 


For perfect uniaxial orientation, the 
dichroic ratio, R, defined as the ratio of the 
optical densities with electric vector respec- 
tively parallel and perpendicular to the orienta- 
tion direction, is given by R=2 cot*y, where 


(Fig. 3). 


y is the angle between the transition moment 


and the orientation direction. If @=54°44’, 
R=1, i.e. the band exhibits no dichroism. 
The critical angle for R=1 is considered to 
increase only a small amount, when the orienta- 
tion deviates from the perfect one. For instance, 
if the transition moments are uniformly distrib- 
uted in a 20° angular range, the critical 
angle is 54°54’. Thus the absence of the 
dichroic nature of the CH» symmetric stretch- 
ing band could be explained, since the afore- 
mentioned angle 58° is near this critical angle. 
These dichroic natures of CH» stretching bands 
are hence considered to be characteristic of 
the helical structure (alternate sequence of 
trans and gauche conformations) of isotactic 
polystyrene. The same feature was found in 
the case of CD.» stretching bands of IPTDS 
(2195 and 2095cm~'). 

In the region of 1400~1100cm~! the spectra 
of IPS and IPPDS change remarkably by heat- 
treatment (crystallization) and show distin- 
guished dichroism as shown in Figs. 1 and 2. 
On the other hand, the absorption bands of 
IPTDS in this region which have comparati- 
vely weak dichroism, are not affected apprecia- 
bly by heat-treatment, and are considerably 
different from those of IPS and IPPDS. The 
four bands (1364, 1314, 1297 and 1185cm~'), 
appearing in weak intensity in the spectra of 
quenched IPS and IPPDS, increase their intensity 

<<. %. 

(1957). 


Liang and S. Krimm, J. Chem. Phys., 27, 1437 
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with crystallization, while they do not appear 
in the spectra of APS and APPDS (atactic poly- 
p-deuterostyrene). As these bands are absent 
in the spectra of IPTDS, these bands are con- 
sidered to be not directly associated with the 
vibrations of the phenyl group, but mainly 
with that of the main chain. These four bands 
are also supposed to be closely associated with 
the helical structure of the IPS molecule in 
crystalline region, the detailed discussions of 
which we will report in the subsequent paper. 
On this problem we _ have briefly reported 
already.'”? 

Phenyl! Group In-plane Vibrations.— Now we 
wish to discuss the vibrational modes associated 
with the benzene ring. By calculating from 
the X-ray data of Natta et al.», it is estimated 
that the y and the z axes of the benzene ring 
shown in the figure in Table V are at an 
angle of about 70° and about 24° to the screw 
axis, respectively, and the x axis at an angle 
of about 14° from the plane normal to the 
screw axis as shown in Fig. 3. 

The vibrations of monosubstituted benzene 
which has point symmetry of Co, are useful 
for a step to the assignments of the bands 
due to phenyl group of polystyrene as studied 
by Liang et al.*? in the case of APS previous- 
ly. On the spectra and the vibrations of 
monosubstituted benzenes, a number of works 
have been done by many workers.''~'? In 
Table V, we reproduce the symmetry species, 
the total number of normal vibrations as- 
sociated with each species, n, and the infrared 
and the Raman activity to be expected, from 
the paper by Liang and Krimm*”. As shown 
in this table, the transition moment for A; 
species is in the y direction, that for B, in 
the x direction and that for B» in the z direc- 
tion, which is the out-of-plane vibration. We 
may presume the dichroism of the bands, 
placing these phenyl groups on the three-fold 
screw axis. In the cases of A; and B, 
species (of C.,), the component E (of C(2z/3)) 
must be more intense than the component A 
and so the dichroism should be perpendicular. 
On the contrary in the case of species B», the 
component A must be more intense and thus 
the parallel nature should appear. 

The fact that the bands mainly due to the 


10) H. Tadokoro, S. Nozakura, T. Kitazawa, Y. Yasuhara 
and S. Murahashi, This Bulletin, 32, 313 (1959). 

11) C. R. Bailey et al., J. Chem. Soc., 1946, 299. 

12) E. K. Plyler, Discussions Faraday Soc., No. 9, 100 
(1950). 

13) D. H. Whiffen, J. Chem. Soc., 1956, 1350. 

14) R. R. Randle and D. H. Whiffen, ‘ Molecular 
Spectroscopy’, Institute of Petroleum, London (1955), p. 
lll. 

15) Y. Kakiuchi, J. Chem. Soc. Japan, Pure Chem. Sec. 
(Nippon Kagaku Zasshi), 77, 1591 (1956). 

16) Y. Kakiuchi, ibid., 77, 1839 (1956). 

17) D. H. Whiffen, Spectrochim. Acta, 7, 253 (1955). 
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TABLE V. SYMMETRY SPECIES AND NUMBER OF 
NORMAL MODES FOR MONOSUBSTITUTED 
BENZENE® 


E C2(y) a(xy) o(yz) Null vib. a IR 


l 1 a 
f 
1 a 


1 

1 
—1 R: 

] R, a 


I 
| 
I 
1 


Ty 
l | R, 
l 1 Ts, 
1 | Bes 
f = forbidden a=active 


e 
F 
H 
z-Axis is normal to the plane of the 
benzene ring. 


CH stretching modes of phenyl group at about 
3000 cm~! show perpendicular dichroism, is in 
good agreement with the presumption describ- 
ed above, because these bands should belong 
to A; or B; symmetry species. 

The bands at 1946, 1872, 1801, 1748 and 1675 
cm~' (IPS and IPTDS) all show perpendicular 
dichroism. The similar bands in the spectra 
of monosubstituted benzenes have been as- 
to the binary combinations of the CH 
out-of-plane deformation vibrations of pheny] 
group as shown in Table VI by Whiffen 


signed 


TABLE VI. ASSIGNMENTS OF THE MAIN COMBINA- 
TION BANDS IN 2000~1700 cm~! REGION BY 


LIANG ET AL., WHIFFEN AND KAKIUCHI 


' Assig . 
Wave Assignments 


number 


‘ ’ ane Whiffen!® and 
cm~! Liang and Krimm © ‘. 


Kakiuchi" 
j(B:)+h(Az), B 
i(B.)+h(Az), B 
g(A2)+h(Az), A; 
i(B.)+g(Az), B 


1946 vi7a(Ae)+2;(Be), B, 
1872 »v:7B(B:)+»;(Bz), A; 
1801) vyon (Ac) + ry7a (Ae), Ad 
1748 vyoq (Ac) +217B(B2), B; 


Notations of the vibrations in this table are 
those of Liang et al. and of Whiffen, respec- 


tively. 


and Kakiuchi’ independently. Liang and 
Krimm*? have assigned these bands in the 
case of polystyrene as shown in the same 
table. The assignments of these bands to 
symmetry species A; or B, by all these authors 
are in accord with the perpendicular dichroism 
of the bands. But the assignments of the 
component fundamental frequencies 906 and 
755cm~! by Liang and Krimm” are different 
from those by Whiffen‘? and Kakiuchi'. On 
this problem more detailed discussion will 
appear later. 
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The four bands at 1602, 1583, 1493 and 1452 
cm~' (IPS and IPTDS) show perpendicular 
dichroism, and are not affected appreciably 
by deuteration. These facts are consistent 
with the assignments to the in-plane C-C 
stretching vibrations of phenyl group. by 
Whiffen et al. as follows” 


ars 
5 ae 


(A 
IPS 1602 1583 1493 1452cm 
four 
except 
bands 


Liang et al.*? also have assigned these 
bands to the C-C stretching model, 
the assignments of 1602 and 1583cm 
(to the | and k modes, respectively). 

In the region of 1400~1100cm~' the hydro- 
gen deformation vibrations (CH. wagging and 
twisting, and CH wagging) of the main chain 
may couple to some extent with the in-plane 
vibrations of the benzene ring, showing the 
complex nature of the spectrum in the case 
of non-deuterated sample. In the spectrum of 
IPTDS the bands due to the vibrations of the 
deuterium of the main chain would shift to 
lower frequency region, and thus the afore- 
mentioned coupling may be removed. Ac- 
cordingly the bands in this may be 
considered to be mainly due to the vibrational 
modes of the benzene ring in the 
IPTDS. Thus the 1179 and 1154cm~' bands 
of IPTDS may be assigned to the a andc 
modes of monosubstituted benzene according 
to the Whiffen’s notation.*? It is difficult to 
settle the assignments of the 1328 and 1240 
cm~' bands from the present data. 


region 


case of 


wy 
VA 


(A;) (B,) 
IPS 1185 1158cm~! 
IPTDS 1179 1154 


The 1070cm band (APS) may be assigned 
to the d(v;sg)(B;) mode. The splitting of 
this band in the case of IPS may be explained 
by the intramolecular interaction. The 1028 
cm~' band may be assigned to the b (2;<a) (A;) 
mode, as Whiffen and Liang et al. assigned. 


*6 In this paper the notation of the vibrational modes 


of the monosubstituted benzene by Whiffen (shown with 
h, j. will be mainly used for convenience, but those 
by Liang and Krimm (s:0a, vi7A ) will also be added 


if necessary 
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of PPMS are supposed to be characteristic of 
I the p-substituted benzenes. It is natural that 
oe oe the bands which correspond to the c and d 
Cc" modes of IPS do not appear in the spectra of 
IPPDS and PPMS, since these modes contain 
(B;) (Aj) the displacement of p-hydrogen atom. 

IPS 1080, 1048 1028 cm~! Phenyl! Group Out-of-plane Vibrations. — As 
APS 1070 1028 mentioned in the previous section, the assign- 

ments of the two bands at 906 and 755cm 
The 1183, 1107 and 1021cm bands of — by Liang et al. are different from other authors 
IPPDS are considered to be the following CH (Whiffen' and Kakiuchi'), although the 
in-plane modes, as Whiffen and Ingold assignments of the other three bands (985, 965 
assigned in the cases of p-substituted benzenes. and 842cm~') in this region by all these 
authors are the same. They assigned these 
bands as shown in Table VII. The crystalli- 
zation-sensitive 985cm~' band may be assigned 
to the j mode by considering the position. 
The 906cm band which splits into two 
bands of different polarizations with crystal- 
B,) lization is assigned to the v:7— vibration by 

IPPDS 1183 1107 1021 cm Liang et al., while the band at 908+10cm 
PPMS_ 1184 1110 1017 of monosubstituted benzenes was assigned to 
the i mode by Whiffen. Kakiuchi has calculat- 

ed the frequency of this i mode to be 897 cm 
assuming the mass of the substituent atom to 
Similar assign- 


Here we have shown the data of poly- 
p-methylstyrene (PPMS) from our paper 

for reference. The vibrational modes of the be infinite, and has made the 
1185 and 1028 cm band of IPS are the same ment as Whiffen’s. On the other hand, Liang 
with those of the 1183 and 1021cm~' bands of | and Krimm have assigned the 755cm~' band 


IPPDS (and of the 1184 and 1017cm band to this i mode. The 755cm~' band (the 751+ 
of PPMS) respectively. In the cases of these 15cm band of monosubstituted benzene) 
two vibrational modes the hydrogen atom of the was assigned to the f mode known as the 
p-position does not move significantly. Thus, “umbrella” vibrational mode by Whiffen. 
the experimental fact that the substitution Kakiuchi has calculated the frequency of this 
of the p-hydrogen atom with deuterium or mode to be 71l6cm~', and has made similar 
methyl group does not affect these two bands assignment. To this f vibrational mode, Liang 
appreciably may be reasonably explained. The and Krimm have assigned the band at 700 
1106cm~' band of IPPDS and the 1110cm cm‘. Although it is difficult to decide which 


TABLE VIL. CH OUT-OF-PLANE VIBRATIONS OF IPS 


Monosubstituted benzene 


IPS Average fre- Vibrational ~~ 
‘ ; stvrene 
quency and mode Calculated fre- (Tienes ST a 
Frequency bateaniey Sichoniem intensity (sym. species) quency —— 
in cm " . (Whiffen) (Whiffen) (Kakiuchi) 
985 m 982+6 vw j( Be) 1004 


965 W 962 +6 h( Az) 984 


m 
908 ) 897 
m “ . “ 


906 
842 Ww 837 


760 VS 751 
700 697 


Vi7B 
) No vibrational mode which corresponds to the »;;3 of Liang and Krimm’s notation 


is in Whiffen’s assignment. 
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TABLE VIII. 


Stereoregular Polymers. VII 


CH OUT-OF-PLANE VIBRATIONS OF IPPDS 


p-Deuterotoluene(Kakiuchi'®) 


IPPDS 
- Frequency in cm"! Vibrational 
Frequency . mode 
Intensity Dichroi ae 
in cm we — Calculated Assigned 
960 W 984 951 e 
948 m 963 944 c 
846 VS 837 840 d 
835 838 b 
609 VS 630 607 a 
l La | 
ny + tcp yY\* oy * ry 
Pati al - a N= ar te a a +> + + 
*) - ++ 
e c d b 1 
assignment we should accept for polystyrene, cm band of IPS, the dichroisms of these 


it seems to be more favorable to apply 
Kakiuchi’s assignment for this case, because 
of the agreement of the calculated value with 
the observed. Here we should mention the 
unexplainable dichroism of the 985 and 906 
cm~! bands, which are expected to have paral- 
lel dichroism because of their symmetry spe- 
cies B». These complexities of the bands 
sensitive to crystallization, would have occurred 
from the interaction between the molecules in 
the crystalline lattice and could not be ex- 
plained by the treatment on a single helical 
chain, which is a first approximation for the 
interpretation of the spectra of crystalline 
polystyrene. 

The assignment of the CH _ out-of-plane 
vibrations of IPPDS can be made as shown in 
Table VIII on the basis of the work on p- 
deuterotoluene by Kakiuchi. Although the 
vibrational mode assigned to the 948cm 
band of IPPDS is similar to that of the 983 


18) Private communication. 


two bands are different from each other, as 
described in the previous section. This dif- 
ference may be explained by the change of the 
nature of the interaction between the molec- 
ular chains in the crystalline lattice owing to 
the deuteration of the p-position. 

For detailed interpretation of the spectrum 
and the elucidation of the nature of inter- 
molecular interaction in crystalline region, 
further accumulation of the experimental data 


is going on. 


The authors express their sincere thanks to 
Professor T. Shimanouchi and Dr. M. Tsuboi of 
the University of Tokyo for helpful discussions 
and the measurements of parts of spectra by 
use of the Perkin-Elmer 112G spectrophoto- 
meter. 
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An X-ray Study on the Phase Transition of 
Aniline Hydrobromide, C,H;NH,Br 


By Inao TAGUCHI* 


(Received August 1, 


Crystal structures of amine halides can be 
divided into ‘two groups. To the first group 
belong methylammonium chloride” and n-pro- 
pylammonium halides”, in which the nitrogen 
atoms are surrounded by four halogen atoms. 
To the second group belong adenine hydro- 
chloride*’, hexamethylenediamine dihalides 
aniline hydrochloride? and  cyclohexamine 
hydrochloride’, in which the nitrogen atoms 
are surrounded by three halogen atoms. It is 
interesting to note that those crystals belonging 
to the first group always exhibit a phase 
transition at low temperature, whereas no 
report has ever been made of any phase transi- 
tion in crystals belonging to the second group. 

A preliminary report on the crystal structure 
of aniline hydrobromide, C;H;NH;Br, has been 
published’, in which it was shown that the 
nitrogen atom in this crystal is surrounded by 
four bromine atoms. During the course of 
refinement, it was found that the crystal 
exhibits a peculiar type of phase transition in 
the neighbourhood of room _ temperature. 
Detailed structure analyses of the crystal below 
and above the transition temperature will soon 
be reported®?. In the present paper, an account 
of an X-ray study on the phase transition of 
aniline hydrobromide will be given. 

Outline of the Phase Transition. —- Large 
crystals of aniline hydrobromide in the form 
described by Groth’? are easily obtained by 
evaporation from methanol, ethanol or acetic 
acid solutions. Preliminary X-ray examinations 
showed that most of these crystals contained 
stacking disorder as revealed by diffuse scatter- 
ing. Crystals free from stacking disorder were 
found to be obtainable by slow evaporation 

* Deceased, May, 26 1959. 
1) E. W. Hughes and W. N. Lipscomb, J. Am. Chem 


Soc., 63, 1737 (1946). 
2) M. V. King and W.N. Lipscomb, Acta Cryst., 3, 


3) W. Cochran, ibid., 4, 81 (1951). 

4) W. P. Binne and J. M. Robertson, ibid., 2, 180, 116 
(1949). 

5) C. J. Brown, ibid., 2, 228 (1949). 

6) A. Shimada, Y. Okaya and I. Nitta, ibid., 8, 819 
(1955). 

7) I. Nitta, T. Watanabé and I. Taguchi, X-rays, 5, 31 
(1948). 

8) I. Nitta, T. Watanabé and I. 
published in this Bulletin. 

9) P. Groth, **Chemische Krystallographie ” IV, (1917) 
p. 170. 


Taguchi, to be 


1960) 


from methanol solutions. The crystals obtained 
are long along the [010] axis, and the planes 
(001) and (100) are predominant. A _ sharp 
cleavage is found parallel with (001). 

Using these ‘single crystals’, a series of 
oscillation and Weissenberg photographs were 
prepared, using Cu K radiations, about the 
three principal axes. It was found that not 
all but many reflections are split into two 
closely separated spots, appearing more or less 
blurred. If we ignore these splittings, all the 
reflections could be indexed based on an 
orthorhombic unit cell, in accord with the 
axial ratios given by Groth. It is suggested 
that these crystals are not really single crystals, 
but that they consist of repeated twins or poly- 
synthetic twins’, such as are found in ortho- 
rhombic pyroxene’. All the reflections appear- 
ing on oscillation photographs are split into 
two along the same €-lines, except those of 
(hkO0) and (00/). These can be interpreted, if 
we assume that the twin components or domains 
are oriented to two different directions, and 
that each domain is in fact monoclinic with 
an axial angle § slightly deviated from 90 
and that all the domains have their b- and 
c-axes in common directions. All the reflec- 
tions appearing on oscillation and Weissenberg 
photographs were satisfactorily indexed without 
any ambiguity by two axial systems, as_ sche- 
matically shown in Fig. 1. 





c’ 


Fig. 1. Schematic representation of the 
orientations of the principal axes of the 
two components of the domains. 


It was noticed that Weissenberg photographs 
prepared at different seasons of the year, using 
one and the same crystal, showed differences 
in detail. We were led to an assumption that 
these differences might be caused by a slight 


10) I. Ito, ** X-ray Studies on Polymorphism ”’, (1950) p 


122 


11) T. Ito, Z. Krist., 90, 151 (1935) 





March, 1961] 


variation of temperature. A series of Weissen- 
berg photographs were taken at various tem- 
peratures, using a carefully designed tempera- 
ture control camera’, and confirmed the fact 
that they are really sensitive to temperature 
in the neighborhood of room _ temperature. 
Split reflections observed at 18°C became 
degenerated into a single one at 25°C, and 
blurred reflections at 18°C became more or less 
distinct. These changes were more marked at 
50°C. From these observations, it was concluded 
that the crystal would undergo a phase transi- 
tion in this temperature range, the splitting 
and blurring of reflections being associated 
with the formation of domains. The crystal 
does not shutter on passing the transition 
range. 

Variation of the Axial Angle § with Tem- 
perature. From the preliminary experiments 
stated in the preceding paragraphs, it became 
clear that the splitting distances of reflections 
upon temperature, implying that the 
axial angle § varies gradually with temperature. 
The variation of the axial angle § with tem- 
perature was determined from the splitting 
distances of the reflection (002), which is the 
and most intense. The results are 


largest 
shown in Fig. 2. It was also found that the 


depend 


Fig. 2. Variation of the axial angle 5 with 


temperature. 


relative intensities of reflections vary with 
temperature, parallel with the variation of § 
with temperature. The intensity variation 
ceases practically outside the range from + 30°C 
to 70°C. The axial angle § also remains 
unchanged outside this region. There was 
found to be no other phase transition down to 

160°C as far as X-ray methods were employed. 

The temperature variations of the axial 
angle 3, of the relative intensities and of the 
fine structure of reflections were found to be 
reversible. Photographs taken after cooling or 
heating are practically the same as those taken 
before heat treatment. 


2) I. Taguchi, Annual Report Inst. Fiber Research, Osaka 


Univ., 8, 45 (1954). 
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Now, in order to investigate the variation 
of the axial angle 3 with temperature more 
precisely and to determine the transition tem- 
perature of the high temperature side, experi- 
ments at smaller temperature intervals were 
carried out at temperatures, ranging from 15°C 
to 30°C. Measurements for cooling were made 
after keeping the temperature of the crystal at 
30°C for twenty hours. The results are shown 
in Fig. 3, where crosses and small circles are the 
values obtained for heating and cooling respec- 
tively. From all the observations and results 
obtained therefrom the following conclusions are 
made. (1) The transition temperature range is as 
wide as 100°C, i.e., from 27.5-C to ca. —70°C. 
(2) The phase change is perfectly reversible 
within the experimental error. (3) The phase 
transition is of a higher order. It was suggested 
that the specific heat curve would show the 
4 type anomaly. The temperature range between 

40°C and 24.5°C, as is shown by dotted 
lines a and b, might correspond to the ascend- 
ing part of the specific heat curve. and the 
range between 24.5-C and 27.5°C as is shown 
by curves b and c might correspond to the 
declining part of the same curve. This 
was recently verified by a calorimetric 
measurement 

The Unit Cell Dimensions and Space Groups 
of the High and Low Temperature Modifications. 

Above 27.5-C, the crystal is orthorhombic, 
and below this temperature it is monoclinic. 
The unit cell dimensions and space groups of 
the two modifications, determined at 70°C and 
at 110°C, respectively, are given in Table I. 
There are four formula units in each unit 


cell. 


view 


TABLE I. THE UNIT CELL DIMENSIONS AND SPACI 


GROUPS OF THE HIGH AND LOW TEMPERATURE 


MODIFICATIONS 
70-C 
77=0.06A 
.05 0.03 5.95 
».86+0.03 6.81 0. 
90 91°22 
-Pnaa C3,,-P2 


110 C 
16.725 -0.06A 


Space group D 


Nature of the Domain Structure. It was 
found that the axis [010|) and the plane (001) 
are in common with the two modifications and 
remain unaltered on transition 
temperature. features are illustrated 
schematically in Fig. 4. Since there are no 
axial parameters, 


passing tne 


These 


appreciable changes in the 
the change of the axes can be taken as a kind 
J) as is 


of shear, which can be expressed by 
shown in Fig. 4. 
34, 426 (1961 


3ulletin 


13) H. Suga, This 
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Temp 


Details of the variation of the axial angle 


heating 





Fig. 4. Cleavage planes and the domain 


Structure. 


Below the transition temperature, the crystal 


is built up by domains which are oriented to 
the two directions, as shown in Fig. 4. These 
domains can be seen under a polarized micro- 
scope in certain specimens’. 

It was found that the ratios of the intensities 
within a pair of split reflections vary from 
specimen to specimen. For numerous specimens 
these ratios are found to be nearly at unity, 
as the formation of the two orientations of the 
domains is expected to occur with equal prob- 
ability, though we have once found a specimen 
which is made of nearly a single domain. 

Quite independent of these intensity ratios, 
or the abundance of the two orientations of 
the domains, each of a pair of split reflections 
shows a similar fine structure. There were 
found no complementary features in intensity 
in these split reflections, suggesting that these 
domains are interpenetrated. 


On passing the transition temperature, no 


14) T. lwai, to be published. 
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c 
6 with temperature. 


cooling 


line broadening was ever found. This is in 
contrast to the observations reported for cobalt 
oxide’, CoO, or potassium [dihydrogen phos- 
phate’, KH,PO,. Thus the lower limit of the 
size of domains is of the order of 10~°cm. 
No diffuse scattering associated with the splitted 
reflections was found, hence the domains are 
distributed in such a way that they are in- 
coherent to X-ray. In this connection, it must 
be mentioned that in the cases of ferroelectric 
there has never been reported any 
polysynthetic twinning associated with the 
domain formation. 

As stated earlier, the (001) plane gives a 
perfect cleavage. The (100) plane also gives 
a cleavage at low temperature. It was observed 
that this latter cleavage becomes poorer as 
temperature increases, and finally vanishes at 
30°C. This cleavage plane is the twinning 
plane between the two adjacent domains, as 
shown in Fig. 4. The vanishing of cleavage 
can be taken as a measure of the coalescence 
of the domain structure. 

The Mechanism of the Phase Transition.—It 
will be interesting to discuss the structural 
change taking place during the transformation 
from symmetry considerations. There are four 
formula units in the unit cell, both of the 
high and low temperature modifications. The 
space group, D:!,-Pnaa, to which the high tem- 
perature modification belongs, requires that 
the anilinium ion, or more precisely the axis 
of anilinium ion passing through N-C, 
atoms, should lie on a digonal axis. 


crystals 


This 


15) S. Greenwald, Acta Cryst., 6, 396 (1953). 
16) A. R. Ubbelohde and I. Woodward, Proc. Roy. Soc., 
A188, 358 (1947). 
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implies that the three hydrogen atoms bound 
to the nitrogen atom are arranged in a statistical 
way so that the anilinium ion assumes a 
digonal symmetry in a statistical 
the low temperature modification, the anilinium 
ion is no more restricted by the digonal 
symmetry by virtue of 
the crystal, C:,-P2;/a. 

temperature, the -NH group assumes two 
(or a multiple of two) equally stable orienta- 
tions with respect to the C-N bond, or it may 
be flipping among different orientations. When 
the crystal is down and passes the 


sense. In 


Above the transition 


cooled 


the low symmetry of 
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transition temperature, all the atoms move 
onto new equilibrium positions and the flipping 
ceases. These will be the most 


features of this phase transition. 


essential 
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It may well be established that the solu- 
bilizing power of the detergent towards hydro- 
carbons, such as a-heptane’? and benzene 
increases by adding alcohols in the detergent 
solution, the more markedly the longer the 
hydrocarbon chains of the added alcohols are. 
The solubilization of polar materials in the 
presence of alcohols in the detergent solution, 
however, has not been known well. Kolthoff 
and Graydon the effect of n»-amyl 
alcohol and n-octyl alcohol on the solubiliza- 
tion of some dyes in the potassium soap solu- 
tions and found no such regular and simple 
relations as for nonpolar substances. Some 
other also reported the complicated 
nature of the solubilization of polar materials 
in the order to 
make the situation clearer we have investigated 
the effect of various alcohols on the solubiliza- 
aqueous f 


studied 


studies 


presence of additives’’. In 


tion of oleic acid in the solution of 


sodium dodecyl sulfate. 


Experimental 


Materials.—Sodium dodecyl sulfate (SDS) used 
is synthesized from fractionally distilled n-dodecy! 
ilcohol and purified by repeated ether extraction. 


1) H. B. Klevens, J. Am. Chem. Soc., 72, 3780 (1950) 
2) K. Shinoda and H. Akamatsu, This Bulletin, 31, 49 
1958) 

3) I. M. Kolthoff and W. F. 
55, 699 (1951). 

4) M. E.L.McBainand E. Hutchinson, ‘Solubilization’ 
Academic Press Inc., New York (1955), p. 85. 


Graydon, J. Phys. Chem., 


14, 1960 


Its purity was confirmed by elementary analysis and 
surface tension measurements. The alcohols used 
were purified by distillation and their boiling points 
n-butyl alcohol (117°C), n-hexyl 
n-amyl alcohol (137.5~138.5°C), 
(132 C), n-octyl alcohol (194°C), 
n-dodecyl alcohol (127-C,7 mmHg) and n-hexadecyl 
190 C/15 mmHg). Oleic acid was ob- 
distillation at 211 C/6mmHg. 
Method. The solubilization end 
measured by the turbidity method using a Shimadzu 
AKA photoelectric nephelometer. The experiment 


vas performed at a constant temperature of 25.0 °C. 


vere as follows: 
alcohol (157 C), 


so-amyl alcohol 


alcohol 
tained by 


point) was 


Results 


In Fig. 1 the amount of oleic acid solubilized 
in the aqueous solution of SDS is plotted 
iwainst the concentration of the latter. An 
almost linear relationship has been obtained. 
When an 
solution beforehand, the solubilization of oleic 
acid decreases as shown in Figs. 2,3 and 4 for 
of n-butyl, n-hexyl and n-hexadecyl 
alcohol, respectively. In Fig. 5 the amount of 
oleic acid solubilized is against the 
amount of alcohols added to the detergent 
solution of 0.05 mol./l. It is seen that the 
solubilization of oleic acid decreases monoto- 
nously as the amount of alcohols added increases 
and this effect of decreasing the solubilization 
length of 


alcohol is added to the detergent 


} . 
the case 


plotted 


of oleic acid increases as the chain 


the alcohol! increases. 
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solution 


acid per |. 


oleic 


mol 


m 


50 60 


Concentration of SDS, m mol./I. 


Fig. | The relation between the solubilized 
amount of oleic acid and the concentration 


of SDS. 


solution 


oleic acid per I. 


m mol. 


10 20 30 10 5 60 


Concentration of SDS, m mol./I. 


Fig. 2. The relation between the solubilized 
amount of oleic acid and the concentration of 
SDS containing n-butyl alcohol. Mol. SDS: 
me. seceee is 1, 8G; 2, 1:23 3, £22; 
322. 


Discussion 


It may be a general agreement that alcohols 
added can cause a decrease in cme of the 
detergent solution and an increase in micelle 
volume by penetration into the micelle surface. 
In the case of SDS solutions, Hutchinson et 
al.°? measured the cme in the presence of n- 
hexyl, m-heptyl and n-octyl alcohols and found 
that the cme decreases as the amount of alcohols 
added increases. When hydrocarbon is solu- 


5) E. Hutchinson, A. Inaba and L. G. Bailey 


p Z. phys. 
Chem., N. F., §, 344 (1955). 


yl 


Vj 


J 
, as 


solution 


oleic acid per |. 


mol 


m 


Concentration of SDS, m mol. /1. 


Fig. 3. The relation between the solubilized 
amount of oleic acid and the concentration 
of SDS containing n-hexyl alcohol. Mol. 
SDS: mol. alcohol is 1, 1:0; 2, 1:0.2; 3, 


:<O.42: 4, 1:26.58. 


solution 


oleic acid per I. 


m mol. 


» 


10 20 30 4 #«2+50 60 
Concentration of SDS, m mol./I. 
Fig. 4. The relation between the solubilized 
amount of oleic acid and the concentration 
of SDS containing n-hexadecyl alcohol. Mol. 


SDS: mol. alcohol is 1, 1:0; 2, 1: 0.0081; 
3, 1: 0.0168; 4, 1 : 0.0276. 


bilized in the detergent solution in the pre- 
sence of alcohols, therefore, it is evident that 
its solubilization increases as the amount of 
alcohols added increases, since hydrocarbon is 
considered to dissolve in the micelle interior 
which has been made larger by the presence 
of alcohols. A typical example of the solu- 
bilization of hydrocarbon in the detergent 
solution in the presence of alcohols may be 
given by the result obtained by Klevens”, 
which is reproduced in Fig. 6. This shows 
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solution 


oleic acid per | 


m mol. 


80 
m mol. alcohols per 1. solution 


Fig. 5. The Effect of alcohols on the solubili- 
zation of oleic acid in 0.05 m SDS solution. 


the effect of alcohols on the solubilization of 


n-heptane in the aqueous solution of potassium 
tetradecanoate. It is clearly seen that the 
solubilized amount of n-heptane increases as 
the amount of added alcohols increases and 
that the effect of alcohols to increase the 
solubilization of the hydrocarbon increases 
with the chain length of the alcohols. The 
result shown in Fig. 6 is quite contrary to the 
result obtained in the present experiment 
which is shown in Fig. 5. The solubilized 
amount of oleic acid decreases as the amount 
of alcohols added increases, the more markedly 
the longer the hydrocarbon chain of the 
alcohols is. It will be reasonable to ascribe 
this difference to the fact that hydrocarbon 
dissolves in the micelle interior, while polar 


solution 


n-heptane per 1000 g. 


mol. 





U.3 


mol. alcohols per 100g. solution 


Fig. 6. The Effect of alcohols on the solubili- 
zation of n-heptane in 0.35 mM K tetradecanoate 
solution (reproduced from Kleven’s paper"). 
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materials, such as oleic acid in the present 
experiment, dissolve in the palisade layer of 
the micelle. Since alcohols also dissolve in 
the palisade layer, oleic acid will be hindered 
from dissolving in the same place by already 
existing alcohol molecules, the result being 
that the solubilization of oleic acid decreases 
as the amount of alcohols increases in the 
detergent solution, as shown in Fig. 5. 

In connection with the above explanation it 
may be interesting to note the effect of 
electrolytes on the solubilization of nonpolar 
and polar materials in the detergent solution. 
Klevens® studied the solubilization of nz- 
heptane and n-octyl alcohol in the aqueous 
solution of potassium myristate in the presence 
of potassium chloride, potassium sulfate and 
potassium ferrocyanate. He found that the 
solubility of n-octyl alcohol decreases, while 
that of n-heptane increases, with the increasing 
electrolyte concentration in the detergent 
solution. Klevens explained this difference as 
follows. The increased aggregation of the 
micelles in the presence of electrolytes results 
in an increase in micelle interior volume which 
is available to a nonpolar solute, butre sults 
in a decrease in the micellar area which is 
available for penetration by a polar solute. 
Richards and McBain” also report that the 
presence of sodium chloride and potassium 
chloride decreases the solubilizing power of 
cetyl pyridinium chloride towards polar mate- 
rials such as n-octyl alcohol and benzaldehyde, 
but increases that towards nonpolar materials 
such as benzene and n-octane. These results 


solution 


oleic acid per |. 


m mol. 


“gs 100 120, 


m mol. alcohol per |. solution 


Fig. 7. The Effect of n-amyl alcohol on the 
solubilization of oleic acid in 0.05m SDS 
solution. 


6) H. B. Klevens, J. Am. Chem. Soc., 72, 3780 (1950). 
7) R.H. Richards and J. W. McBain, ibid., 70, 1338 
1948). 
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conform in their behaviors to the result ob- 
tained in the present experiment, the same 
explanation being applied, although the addi- 
tives are electrolytes in the former and alcohols 
in the latter experiments. 

It is to be noted that the concentration of 
alcohols in the detergent solution shown in 
Fig. 5 is not so great as that in Fig. 6. We 
found that, in the case of n-butyl and n-amyl 
alcohol, when the amount of alcohols in the 
detergent solution becomes greater than that 
shown in Fig. 5 the solubilization of oleic acid 
turns out to increase with the concentration 
of the alcohols in the detergent solution. The 
case of n-amyl alcohol is shown in Fig. 7. 
Since these alcohols are fairly soluble in water, 
the solvent property of water will alter as the 
amount of the alcohol in it becomes greater, 
the result being that the solubility of oleic 
acid in the solvent liquid will become appreci- 
able. Also it may be probable that the micelle- 
forming property of the detergent is 
by the presence of water soluble alcohols in 
fairly large concentrations, the result being 
that the solubilization of oleic acid in the 
detergent micelle will decrease. These two 
factors counteract each other in the 
mination of solubility of 
detergent plus alcohol solutions. We see in 
Fig. 2 that the solubilization of acid 
decreases when the concentration of the deter 


lessened 


deter- 
Oleic acid in the 


oleic 
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gent containing n-butyl alcohol (mole ratio 1 : 3) 
exceeds a certain value. This may be attributed 
to the predomination of the factor of lessening 
the solubilization in the detergent micelle. On 
the contrary the result obtained in Fig. 7 may be 
attributed to the predomination of the factor 
of increasing the solubility of oleic acid in the 
water-alcohol mixture. 


Summary 


acid in the 
dodecyl sulfate 


The solubilization of oleic 
aqueous solution of sodium 
was studied in the presence of various kinds 
of alcohols in various concentrations. When 
the concentration of alcohols in the detergent 
solution is not so great, the solubility of oleic 
acid decreases as the amount 
This is explained by 
oleic acid and alcohols in the same place in 
the micelle, i. e., in the palisade layer. When 
the water soluble alcohols are used the solu- 
bilization of oleic acid turns out to increase 
at a certain concentration of the alcohols in 
the detergent solution. This is explained by 
the solution of oleic acid in the solvent liquid 
as well as in the detergent micelles. 


of alcohols in- 


creases. the solution of 
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Synthesis of Normal Higher Primary Alcohols 


of Even Carbon Numbers from Dodecanol to Hexatriacontanol 


By Akira 


W ATANABE”* 
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In the previous investigation of this series 
the author contined his attention to the syn- 
thesis of normal higher alcohols of odd carbon 
numbers. In view of the interesting results 
on the physical properties, especially the tran- 
sition phenomena of alcohols in the 
solid state, it was felt desirable to extend the 
study to alcohols of even carbon numbers, and 
thirteen members with even carbon atoms 
ranging from C;, to C;; were synthesized and 


these 


Some parts of this work were performed at the 
Department of Chemistry, Faculty of Science, Kyoto 
University, Sakyo-ku, Kyoto 


their transition points were observed. 

The alcohols were all prepared by the lithium 
aluminum hydride reduction of the correspond- 
ing fatty acids or their ethyl esters, of which 
acids from C;, to C.. were obtained by careful 
purification of commercial specimens. 

Tetracosanoic acid (C.,H;;CO.H) was syn- 
thesized from docosy! bromide (C..H:;;Br) by 
the modified malonic ester synthesis The 
method employed for the synthesis of the fatty 

A. Watanabe, This Bulletin, 32, 1295 (1959 


) A. Watanabe, ibid., 33, 531 (1960) 
W. Bleyberg et al., Ber., 64, 2506 (1931) 
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acids with more than 24 carbon atoms is 
Bowman’s synthesis: 


Ethyl malonate 


C:H;O2C (CHe) ,, Br 
(1) 


Benzyl alcohol 


C.H;02C(CH:) ;,CH(CO2C:H;) 2 


(IL) 
‘ 7 ” RCOCI 
CsH-CH:202C (CH:) CH (CO2CH:2C;H;) > 
(111) 


CsHsCH.0.C (CH.) ,C (COsCH:CyH)sCOR™ ‘*° 


(IV) 


Decarboxylation 


HO.-C (CH2) ,C(CO2H) 2sCOR 
(V) 


Huang-Minlon 


RCO(CHs:) ,, . ,;COzH 
(VI) 


reduction 


Esterification 


R(CH2) » .2CO2H » R(CH: OH 
LiAlH 


(VII) (VIIL) 


Although this method was extensively applied 
in the preparation of odd members'’”, the yields 
of the ketonic acids were low and fluctuated 
(maximum 37%) compared with those obtained 
by Bowman (70%). Nunn® and Hougen 
reported similar low yields, and ascribed them 
to the ketonic hydrolysis of the ketoesters, 
although their studies appeared not to be 
extensive. Since it was felt necessary to 
increase the yield and convenience in order to 
develop the present study, several improvements 
in the synthetic technique were made and the 
results are reported in this paper. 

It was found that partial hydrolysis of triester 
Il occurred in spite of precautions during the 
reaction of alcoholysis as evidenced by the 
isolation of the carboxylic acid from the 
reaction mixture in an amount of 30% to the 
starting triester and by the recovery of a nearly 
corresponding amount of benzyl alcohol. It 
seemed quite probable that the presence of 
this acid and the alcohol was detrimental to 
the subsequent malonic ester condensation. 
The procedures were then improved as follows, 
giving the desired product with a fairly good 
and consistent yield. 

After the alcoholysis the acid was removed 
with a sodium carbonate solution and benzyl 
alcohol was distilled off under reduced pressure. 
Tribenzyl ester III, freed from the acid and 
benzyl alcohol and obtained as an oil, was 
condensed with an acid chloride by means of 
sodium ethoxide to give compound IV. Hydro- 
genolysis of compound IV and_ subsequent 


4) J. R. Nunn, J. Chem. Soc., 1951, 1742 
5) F. W. Hougen et al., ibid., 1953, 98 
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decarboxylation yielded ketonic acid VI in a 
yield of 65%5 based on the acid chloride. 
Details of the procedures are given in the 
Experimental Part. 

In order to avoid the hydrolysis of triester 
II, the use of sulfuric acid, hydrogen chloride, 
and zinc chloride as the catalysts for the 
alcoholysis were attempted with no_ success. 
Metallic sodium, instead of sodium ethoxide, 
was used in the malonic ester condensation 
without success, probably because the hydrogen 
from the reaction of sodium with the malonic 
ester cleaved the benzyl groups. 

Another factor which affects the yield is the 
instability of compound IV as shown by the 
fact that this compound was decomposed even 
at room temperature by the hydrochloric acid 
liberated from the unchanged acid chloride on 
washing the reaction mixture with water. At 
temperature low enough to be harmless to the 
compound it was quite difficult to decompose 
the acid chloride with water when the carbon 
chain of the acid was long. Therefore, it is 
advisable to use slightly less than one equi- 
valent of the acid chloride to obtain a good 
yield. 

It has been known that Bowman’s synthesis 
suffers from the catalyst poisoning which can 
not be avoided on account of the difficulty in 
purification of compound IV, and it was ex- 
perienced in the previous study that a long 
period was required for complete’ hydro- 
genolysis when the intermediate acid chloride 
could not be purified by distillation. However, 
in the present experiments, it was found 
advantageous to purify compound IV_ with 
activated aluminum oxide, permitting the 
complete hydrogenolysis with great saving in 
time and catalysts and with no lowering of the 
yield of ketonic acid V. 

The ketonic acids thus obtained were all 
converted into the corresponding fatty acids 
by Huang-Minlon reduction’? and the desired 
alcohols were obtained easily by the lithium 
aluminum hydride reduction of the fatty acids 
or their ethyl esters. The alcohols were purified 
with great care to obtain the final products 
with sharp melting points and_ excellent 
analytical values. For hexacosanol C.;H;,OH 
and higher alcohols high vacuum (2x10 
mmHg) distillation as well as recrystallization 
was employed. 

An alternative chain-lengthening process for 
the synthesis of octacosanol] C.;:H:;OH is 
Cason’s method’?, which consists in the con- 
densation of a dialkyl cadmium with a halfester- 
acid chloride. The accompanying flow chart 
indicates the reaction: 


6) Huang-Minlon, J. Am. Chem. Soc., 66, 839 (1944) 


7) J. Cason, ibid., 68, 2078 (1946 





















































































































































































































































































































Calcd. 
Alcohol Formula 
Cc H 

Dodecyl C).H..0 1.20 14.07 
Tetradecyl C,H »O 78.43 14.11 
Hexadecyl Ci;.HyO 79.26 14.14 
Octadecyl C,.H,,O 79.92 14.16 
Eicosyl C.,.H,y.O 80.46 14.18 
Docosyl C..HyO 80.90 14.20 
Tetracosyl C.;H-,O 81.28 14.21 
Hexacosyl C.,H.,O 81.60 14.22 
Octacosyl C..H-.O 81.87 14.23 
Triacontyl C,,Hs20 82.11 14.24 
Dotriacontyl C..HggO 82.32 14.25 
Tetratriacontyl C;,H;,O0 82.51 14.26 
Hexatriacontyl C .H-;,O 82.68 14.26 


Melting points are uncorrected. 


TABLE 


Akira WATANABE 







FS 


we. 
80. 


80 
80 





[Vol. 34, 










Found 

i H Mm. o., %\ ra, Ss 2.8, % 
.46 14.00 22.5(24.0*) Zn3 

.36 13.90 39 .0(37.7») at.5 33.5 
02 14.22 48 .5(49.0°) 48.0 42.5 
11 14.25 58.5(58.54) 58.0 50.0 
41 14.02 65 .3(66.5°) 64.2 oie: 
.86 14.07 70.4(70.88) 69.3 61.0 
.43 14.29 76.0(75.3°) En 68.0 
.70 14.48 78 .8(79.2°) 78.2 73.0 
75 14.10 82.5(82.6°) 82.0 

22 14.19 86.3(86.5°) 85.5 

40 14.21 88 .2(89.2°) 87.0 

BB 14.20 91.0(91.7°) 89.5 

40 14.22 91 .6(92.6°) 89.5 


tv te 


When a sample was cooled below its freezing point from the melt, a transition appeared with 


the change of the transparent waxy material into the opaque crystalline state. 


Transition points 


of the alcohols higher than hexacosanol could not be observed. 


a) F. Krafft, Ber., 16, 1718 (1883). 

b) W. E. Garner et al., J. Chem. Soc., 1927, 1357 

c) F. Krafft, Ber., 16, 1721 (1883) 

d) P. A. Levene et al., J. Biol. Chem., 59, 914 (1924). 
e) F. Francis et al., Proc. Roy. Soc., A 158, 691 (1937). 









Ethyl alkane- 


Acid 


TABLI 


tricarboxyvlates chlorides (Cno.) Ketonic acid (Cno.) Mm. @., < Fatty acid M. p., °C 

n-Undecane Myristoyl (C,,) CH;(CH:2) ;»2»>CO(CH:),,CO:H(C., 95.5 Hexacosanoic 86.5(87.7)* 
G Palmitoyl (Cy4.) CH;(CH2) ;s;CO(CH:) ;;CO2H (Cox) 99.5 Octacosanoic 90.2(90.9) 
/ Stearoyl (C;,) CH;(CH»2);6¢CO(CH:) ;;CO.H(C,) 102.6 Triacontanoic 93 .0(93.6) 

n-Octane Tricosanoyl (C2,;) CH 4(CH2).,CO(CH:),CO:H(C,2.) 105.5 Dotriacontanoic 96.0(96.2) 

n-Undecane Docosanoyl (C:;») CH3(CH»2) -oCO(CH2);,;CO:H(C,,) 107.5 Tetratriacontanoic 97.8(98.2) 

Tetracosanoyl (C.,) CH ,(CH2).:CO(CH2);;CO2H(C.,) 110.0 Hexatriacontanoic 98.5(99.9) 

* F. Francis et al., Proc. Roy. Soc., A 158, 691 (1937). 





HBr CdCl 
C,.H,;;OH H,-Br —-> C,,Hy;MgBr > 
CIOC(CH,) C.H 
C)-Hz) Cd i 
Huang-Minlor 
CisH):CO(CH.).CO.C.H, Ne Minton, 
reduction 
Ethyl! ester 
C.H,.CO.H » C..H;-OH 
LiAlH 
The alcohol obtained by this method was 
shown to be identical with that obtained by 


Bowman’s method by the mixed melting point 
and the X-ray data 

Melting points, transition points and analyti- 
cal data of the alcohols synthesized here are 
given in Table I. The transition points of the 
alcohols with more than 22 carbon atoms have 
been unknown. All the alcohols described in 
this paper and two previous papers, namely 
odd and even members from C); to C37, are 
being studied for their physical properties and 
part of the results has been published from 


8) A. Watanabe, unpublished. 












Univer- 


the Department of Physics of Kyoto 
SIty Thermal data will be reported in this 


Bulletin in near future. 


Experimental 


Since the reactions used for the synthesis of the 
lower members are well known, descriptions of the 
experiments are omitted. Bowman’s® method was 
applied with some improvements for the synthesis 
of the alcohols with more than 24 carbon atoms. 
As the conditions except those for isolation of the 
products, were essentially the same throughout the 


series, the synthesis of octacosanol is described as 


an illustration. Combinations of the starting 
materials and the intermediates are listed in Table 
Il. 
Ethyl n-Undecane-1, 1, 11-tricarboxylate.—I\t was 
9) K. Tanaka, T. Seto and T. Hayashida, Bull. Inst 
Chem. Res. Kyoto Univ., 35, 123 (1957). 


10) 
ibid., 
11) 


K. Tanaka, T. Seto, A. Watanabe and T. Hayashida, 
37, 281 (1959). 


K. Asai, J. Phys. Soc. Japan, 14, 1084 (1959). 
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prepared by condensation of ethyl bromoundecanoate 
with ethyl malonate as already described”. 

B. p. 187°C/1 mmHg, n# 1.4435. 

Benzyl n-Undecane-1, 1, 11-tricarboxylate.—In a 200 
ml. three-necked flask, equipped with a mechanical 
stirrer, a dropping funnel and a reflux condenser 
fitted with a calcium chloride tube, were placed 
0.65 g. of sodium sand (finely powdered in toluene) 
and 50 ml. of thiophene-free dry benzene. To the 
mixture was added from the dropping funnel 10 g. 
of ethyl »-undecane-l, 1, 11-tricarboxylate. The 
mixture was allowed to stand at room temperature 
for about 6hr. with stirring and then moderately 
heated to the complete disappearance of the sodium. 
After 8.7g. of freshly distilled benzyl alcohol was 
added, the condenser was replaced by a Fenske 
column and the mixture was heated to distill off 
ethanol as the benzene ethanol azeotrope. During 
the distillation reflux-ratio was controlled from 6: 1 
to 20:1 (2~3 drops per minute). When no more 
ethanol distilled over, the boiling point reaching 
79-C and the absence of the ethanol in the final 
portion of the distillate being confirmed by the 
ndex of refraction, the mixture was cooled and 
icidified with dilute sulfuric acid. The benzene 
layer was separated, washed with water, with sodium 
carbonate solution, again with water to neutral 
reaction, and dried over sodium sulfate. 

After evaporating the benzene, the residue was 
heated to 120°C in an oil bath under reduced 
pressure (3 mmHg), the flask being immersed into 
the bath as deeply as possible to remove the 
benzyl alcohol completely. Recovered benzyl alcohol 
veighed 2.5g. The Tribenzyl ester III remained 
in the flask as an oil which weighed 11g. On 
acidification of the above alkali washing with 
sulfuric acid, an oily substance separated out which 
gradually crystallized on standing several days. 
Recrystallization from ethyl acetate-petroleum ether 
gave the product in white crystals, m.p. 89°C. It 
was found not to depress the melting point when 
mixed with the acid obtained by hydrolysis of the 
triester. 


13-Keto-octacosanoic Acid C;;H;,;CO(CH:.) .,CO-H. 

In a 200 ml. three-necked flask, 0.41 g. of freshly 
cut sodium was placed. Absolute ethanol (5 ml.) 
was added to give a clear solution. All excess of 
the ethanol was distilled off until a crust of sodium 
ethoxide was formed on the surface of the residue. 
Then 15ml. of dry thiophene-free benzene was 
added from the dropping funnel. To this suspension 
a solution of 11g. of the tribenzyl ester in 10 ml. 
of benzene was added and the mixture was allowed 
to stand at room temperature with occasional 
Shaking, while the solid gradually went into solu- 
tion. The benzene was removed under reduced 
pressure at room temperature, leaving a brown 
syrup in the flask. Two portions of 10 ml. of fresh 
benzene were added and removed under reduced 
pressure to remove the last traces of ethanol. Thus 
the sodium salt of the tribenzyl ester was obtained 
is a brown viscous material, to which 30 ml. of 
fresh benzene was added, giving a colored solution. 
Then the flask was equipped with a stirrer and a 
reflux condenser fitted with a calcium chloride tube. 
A solution of 5.2g. of palmitoyl chloride (prepared 
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from pure acid and thionyl chloride, b. p. 148°C/ 
1.5 mmHg) in 10 ml. of benzene was added from 
the dropping funnel with stirring and the mixture 
was refluxed for 30 min. with continued stirring. 


After the reaction mixture attained room tem- 
perature the flask was immersed in an ice bath. 
Ice-cooled water containing 1 g. of sulfuric acid was 
added gradually with vigorous stirring, the tem- 
perature of the mixture being maintained at 3 to 
5°C. The contents of the flask were then transfered 
to a separating funnel. The layers were separated 
with the aid of a small amount of ethanol and the 
benzene layer was washed with water to neutral 
reaction with occasional cooling to prevent the 
temperature from rising above 5°C. After the 
solution was dried over sodium sulfate the benzene 
was removed under reduced pressure at about 30°C 
of bath temperature. The condensation product 
remained as an oil (15g.). A solution of 5g. of 
the above product in a mixture of 15 ml. of ethyl 
acetate and 15 ml. of absolute ethanol was shaken 
with Pd-C (0.2g.) and Pd-SrCO,; (0.2g.) in a 
hydrogen atmosphere at room temperature. Catalyst 
poisoning was so often encountered that it was 
necessary to add fresh catalysts frequently until a 
nearly theoretical amount of hydrogen was absorbed. 
The total amount of the catalyst used was 2.7 g. 
The time required for the complete hydrogenolysis 
was about 4hr. The solution freed from the catalyst 
was refluxed for 30 min. to decarboxylate the 
product. Upon cooling the solution to room tem- 
perature white crystals appeared. These were 
collected and washed with ethyl acetate. The 
ketonic acid obtained showed the melting point of 
91 to 94°C. Yield was 1.5g. The filtrate and 
washing were combined and concentrated to a syrup. 
To this was added 10 ml. of acetic acid containing 
I ml. of sulfuric acid and the mixture was refluxed 
for 40 min. The solid residue obtained on removing 
acetic acid was taken up in benzene and the solu- 
tion was washed and dried over sodium sulfate. 
Concentration and subsequent cooling of the benzene 
solution gave white crystals which melted at 93 to 
97°C and weighed 0.6g. The substance was com- 
bined with the acid obtained from the ethyl acetate 
solution and the combined crystals were recrystal- 
lized twice from benzene. The pure ketonic acid 
showed the melting point of 99.5-C. The yield was 
1.8g. or 65%, based on palmitoyl chloride. 

Found: C, 76.60; H, 12.45. Caled. for C..H;,0;: 
C, 76.65; H, 12.41%. 

Palmitic acid (0.15g.) was recovered 
filtrate of the ketonic acid. 

Purification of the Condensation Product (IV). 
The product (5g.) was dissolved in 20 ml. of pure 
benzene (dried over sodium wire) and the solution 
was shaken with active alumina for a short period. 
The alumina was filtered off and the filtrate was 
evaporated under reduced pressure at about 30°C of 
bath temperature to give a colorless liquid. This 
was hydrogenated in the same manner as described 
Absorption of the first 280 ml. of hydrogen 
rapidly (30 min.) with 0.4g. of the 
catalyst. The second 140 ml. was absorbed in about 
Ihr. with the addition of 0.3g. of the catalyst. 
The product was treated in the same way as the 


from the 


above. 


proceeded 
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above. The yield of the pure ketonic acid was (2. 10°*mmHg) followed by recrystallizations 

1.8g. (65%). Although the melting point and analytical data 
Octacosanol C..H;-OH. — Octacosanoic acid were not changed, the physical data» indicated that 

(C.;H,;CO.H) was obtained from 3 g. of the ketonic these procedures seemed to be necessary to obtain 

acid by the Huang-Minlon reduction® in a yield of a pure sample. 

77% (2.2g.). Details were given in the previous 

paper» for the reaction of other higher alcohols The author expresses his sincere thanks to 

The melting point was 90.2 C (recrystallized from Professor Ryozo Goto, Kyoto University, for 

toluene). his kind guidance throughout this study. 
Found: C, 79.10; H, 13.34. Caled for C:,H-<O Thanks are also due to Mr. T. Araki and Mr. 
79.18; H, 13.29 H. Horino for their assistance in some of the 
The acid was converted into its ethyl ester by @ — experiments. The cost of this work was partly 

usual method. The lithium aluminum hydride defrayed from a grant (Shigenkagaku Kenkyuhi) 


reduction” of 2g. of the pure ester (recrystallized . . 
cosa 2 DP gape Megson : “i from the Ministry of Education. 
from benzene, m.p. 64°C) afforded 1.4g. of the , 


desired alcohol after recrystallization from benzene Department of Applied Chemistr) 
The melting point was 82.5°C. Further purification Himeji Technical College 
of the alcohol was tried by high vacuum distillation Idei, Himeji 


Distribution of Neptunium between Di-(2-ethyl hexyl)- 
phosphoric Acid and Mineral Acids 


By Eiko NAKAMURA 
(Received June 28, 1960) 


Solvent extraction studies on neptunium Di-(2-ethyl hexyl)-phosphoric acid has been 
have been carried out using tri-n-butyl phos- proved to be useful as a solvent extracting 
phate'~, tertiary amines’, thenoyl tri-fluoro agent for uranium(VI) and other metals. Some 
acetone’, diethyl ether’? or methyl isobutyl works about this extracting agent have been 
ketone’, as an extractant. published by a number of investigators 

However, the extraction behavior of neptu- Recently a comprehensive study on the extrac- 
nium using di-(2-ethyl hexyl)-phosphoric acid, tion of metal ions from hydrochloric acid 
HDEHP, has not been reported. The experi- solution has been reported by Kimura 
mental results in the works referred to above According to these previous works, it seems 
have usually been complicated unless careful that HDEHP behaves as a cation extracting 
precautions were taken, because the neptunium reagent in the low acidity region. In other 
tracer solution often contains neptunium in words, HDEHP-metal ion complex is formed 
two or three oxidation states. Giving special with the inorganic cation in the aqueous phase, 
attention to the oxidation states of neptunium, and extracted into the organic phase which 
the extraction behavior of quadri-, quinqui- composed of the organic diluent and HDEHP 
and sexi-valent neptunium in the system of The neptunium(IV). (V) and (VI) cations also 
diluted HDEHP vs. hydrochloric or perchloric seemed to be extracted as the HDEHP-neptu- 
acid was studied in this work. nium(IV). (V) or (VI) cation complex. 


lr. Ishimori and E. Nakamura, This Bulletin } Experimental 


ee ae ee a - Reagents.--The HDEHP received from Virgin 
nd United Nations International Conference on th Chemicals, Co. Ltd. was purified by the method ot 
of Atomic Enere p/394 (1958) Peppard 
J. S. Nairn, D. A. Collins, H. A 
G. Maddock, ibid, p/1458 (1958 8) C. F. Baes, Jr., R. A. Zi 
4) W. H. Lewis, ibid, p/537 (1958 ) Chem.. 62. 129 (1958 


et al. It was diluted with toluene, C. P 


5) J. C. Sheppard, HW-51958 (1957) ) D>. F. Peppard, G. W. Mason. W. J. Dri 
6) L. B. Magnusson, J.C. Hindman and T. J. LaChapeli J I » J. Inorg. & Nucl. Chem., 7, 27 


g. & 276 (1958 
AN L.-4066 (1947 ) D. F. Peppard and J. R. Ferraro, ibid., 19 
7) J. Kooi, First United Nations International Confer K. Kimura, This Bulletin, 33, 1038 (1969 
on the Peaceful Uses of Atomic Energy, Vol  P/ D. F. Peppard, G. W. Mason, J. L. Maie 
United Nations Publication, New York (1956 C l. lnor. & Nucl. Chem.. 4 334 (1957 
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grade, in this work. Hydrochloric and perchloric 

acids, analytical grade, were used as received. 
Carrier-free 2.3d-neptunium-239, 27.5d-protacti- 

nium-233 and 24.1d-thorium-234 were prepared as 


described in the previous paper . The activities 
of these nuclides were measured by a gamma- 
scintillation counter. Zirconium-niobium-95_ im- 


ported from the Oak Ridge National Laboratory, 
Tenn. USA, was used as received and measured the 
hard beta-rays of zirconium-95 cutting off the soft 
beta-rays of niobium-95. 

The radiochemical purity of the tracers was 
checked by gamma-spectrometry, beta-ray absorp- 
tion and decay. 

According to the method written in the previous 
work!), the quadri-, quinqui- and sexi-valent neptu- 
nium tracers were prepared. In the case of qua- 
drivalent neptunium, hydrochloric acid was used as 
the aqueous medium, because neptunium(IV) is 
unstable in a perchloric medium 

Distribution Measurement.—-All experiments were 
carried out with radioactive tracers. The distribu- 
tion ratio, Ka, of a given nuclide was determined 

the usual way!'!). The scrubbing techniques 
were used in every case in order to obtain the K, 
alues exactly. In all cases both acid and solvent 


dependence of the Kq values were determined. 


Results and Discussion 


Distribution of Sexivalent Neptunium in the 
System of HD«HP vs. Perchloric Acid. The 
distribution ratios of sexivalent neptunium 
were determined in the system of about 0.672 
(v/v) HDEHP-toluene vs. perchloric acid 
varying the acidity from 0.1 to 0.5N.  Experi- 
mental results are shown in Fig. 1 where the 
curve for uranium(VI), taken from the work 
of Baes et al.°2, is also given for comparison. 
Baes et al. determined the distribution ratio 
of uranium in the system of 0.1 M (3.33% v/v) 
HDEHP-hexane vs. perchloric acid changing 
the acidity from 0.01 to 2.0N. 

From these results it is found that both 
sexivalent neptunium and uranium are extracted 
very well with HDEHP from perchloric acid 
solution. As Fig. 1 shows, both lines for 
neptunium and uranium have the slope of —2, 
suggesting a close similarity between uranium 
VI) and neptunium(VI) ions. 

The solvent dependence of K«a values for 
sexivalent neptunium was determined at 0.52N 
perchloric acid concentration using toluene as 
the diluent. Experimental results for neptu- 
nium(VI) are shown in Fig. 2 together with 
the solvent dependence curve for uranium at 
iN perchloric acid, which is quoted from the 

ork of Baes et al. The distribution ratios 
oO: neptunium(VI) and uranium(VI) show the 
second power dependence on the HDEHP con- 
centration, again suggesting the similarity 


13) T. Ishimori, K. Watanabe and E. Nakamura, This 
Bulletin, 33, 636 (1960 
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SOXIS 
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U(VI) by 


Naito tJ 


Np( VI) 
between the chemistry of sexivalent neptunium 
and uranium in an acid solution. 

The similarity between sexivalent neptunium 
and uranium is also found in other systems: 

The acid dependence curves for neptunium- 
(VI) and uranium(VI) in the system of 100% 
TBP vs. perchloric acid are given in Fig. 3 
which shows that the behavior of sexivalent 
neptunium resembles that of uranium quite 
well. where the uranium curve is taken from 
the work of Naito Besides that found in 
the perchloric acid system similar behavior is 
also found in the nitric acid system. The acid 
dependence curve for neptunium(VI) also 
resembles that for uranium(VI)''? in 100% 
TBP* vs. nitric acid system or in the trioctyl- 
amine nitric acid system. Thus it 
likely that sexivalent ions of neptunium and 
uranium show almost the same behavior in the 
distribution experiments discussed above. In 


VS. IS 


Tri-v-butyl phosphate. 


14) K. Naito, This Bulletin, 33, 363 (1960). 
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Fig. 4 The acid values for 


neptunium(V) 


dependence of K 


and protactinium. 


other words, the extraction mechanism of 
neptunium(VI) seems to be analogous to that 
of uranium(VI). 

According to Baes et al., who discussed the 
composition of uranium-HDEHP complex based 
on the acid and the solvent dependence of the 
K, values for uranium in the system of HDEHP 
vs. perchloric acid, the uranium-HDEHP com- 
plex is UO.A;H>, where HA represents HDEHP 
molecule. As mentioned above, both acid and 
solvent dependence of Ky values for neptunium- 
(VI) in the HDEHP vs. perchloric acid system 
coincide with those of uranium(VI), so that it 
presumed that the neptunium(VI) ion 
extracted forming the neptunium(VI)-HDEHP 
complex, NpO.A;Hb. 

Distribution of Quinquivalent Neptunium 
the System of HDEHP vs. Perchloric Acid. 
The distribution ratios of quinquivalent neptu- 
nium were determined in the system of 50 
HDEHP-toluene vs. perchloric acid varying the 
acidity from 0.01 to 0.2N. The results obtained 
are given in Fig. 4, where the Ky values for 
protactinium are also shown. The Ky values for 
protactinium were so high that the relationship 
between the acidity and the Ky values for 
protactinium could not be found clearly using 
50 HDEHP with which the extraction of 
neptunium(V) was studied. Therefore, 0.1% 
HDEHP-toluene was chosen as the extractant 
in the determination of the K, values for 


1S 1S 


in 
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The solvent dependence of Kg values for neptunium(V) and protactinium 


is likely that the neptunium(V) ion behaves 
differently from the protactinium ion in a 
dilute perchloric acid medium. 
The variation of the Ky values of neptunium- 
(V) and protactinium with the concentration 
of HDEHP in the organic phase, keeping the 
concentration of perchloric acid in the aqueous 
phase constant, is shown in Fig. 5. As Fig. 5 
shows, the line for neptunium(V) has the 
slope of 1/2, whereas that for protactinium 
has the slope of 1. Assuming that the solvent 
dependence of Ka values for protactinium is 
kept at the first power up to 50°, HDEHP a 
0.1 N perchloric acid solution, it is calculated 
that the Ke value for protactinium is about 
10‘, 500 times that of the Ka value shown in 
Fig. 4. On the other hand, in the 0.1 N per- 
chloric acid-50°. HDEHP system quinquivalent 
neptunium shows the Ka value of about 10~* 
0 (Fig. 4). The difference of the Ka values 
between neptunium(V) and protactinium, 10‘ 
and 10~-°, shows that quinquivalent neptunium 
is less extractable than protactinium with the 
organic extractant from the aqueous phase. 
Similar relationships are seen in other cases 
like the system of 100%. TBP vs. some mineral 
acids 
As mentioned above, the both acid and 
solvent dependence of Ky values for neptunium- 
(V) show different values from those of pro- 
tactinium. These facts suggest the difference 
between the chemistry of quinquivalent neptu- 
nium and protactinium. 
protactinium varying the acidity of perchloric Distribution of Quadrivalent Neptunium in 
acid from 0.05 to 1.0N. As Fig. 4 shows, the the System of HDEHP vs. Hydrochloric Acid. 
Slope of the line for neptunium(V) is a The distribution ratio of quadrivalent neptu- 
whereas that for protactinium is —2. Thus it nium was determined in the system of 7.0% 


1.0 2.0 5. 10 
N HCl 
Fig. 6. The acid dependence of Ky values for 
neptunium(IV), thorium and zirconium. 
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HDEHP vs. hydrochloric acid varying the 
acidity from 0.5 to 3.0N. The results are 


shown in Fig. 6, where the Ky values for 
thorium and zirconium are also given. The 
behavior of thorium was studied in the acidity 
range from 0.6 to 2.0N using 12, HDEHP- 
toluene solution. Although zirconium is not 
a member of the actinide elements, the behavior 
of zirconium was as a quadrivalent 
species in the system of 0.1% HDEHP vs. 
hydrochloric acid varying the acidity from 0.2 
to 4.0N, where the Ky values for zirconium 
are so high that HDEHP-toluene solution had 
to be diluted to 0.17%. 

From these results, it is found that thorium 
more extractable than 
quadrivalent neptunium. As is shown in Fig. 
6, the lines for neptunium(IV) and thorium 
both have the slope of | 4. The behavior of 
thorium had been studied by Peppard and 
Ferraro who had also found negative fourth 
dependence of the K, values on the 
acidity of hydrochloric acid’’?. On the other 
hand, zirconium shows a negative second power 
dependence on the acidity. The difference 
between the neptunium(IV) and = zirconium 
ion seems to be greater than that between the 
neptunium(IV) and thorium ton. 

The Ky values for quadrivalent neptunium 
in the system of 0.5N_ hydrochloric 
HDEHP-toluene are studied, the HDEHP con- 
In Fig. 7, the neptu- 


studied 


and zirconium = are 


power 


acid vs. 


centration being varied. 
nium(IV) curve is compared with those for 
thorium and_= zirconium. The behavior of 
thorium is taken from the work of Ishimori' 
0.5 .N 
Peppard and 


perchloric acid vs. 


Ferraro had 


in the system of 
HDEHP-toluene. 
also given a third power dependence of the K, 
for thorium on the hydrochloric or 
concentration. On the other 
obtained pre- 
Thus 


values 
perchloric acid 
hand, the results for zirconium 
sently fall on a line of slope 2 in Fig. 7 
it is shown again that the quadrivalent neptu- 
manner more nearly 


to zirconium ion 


nium ion behaves in a 
similar to thorium ion than 
in the hydrochloric acid solution. 

It is likely that the HDEHP 
mechanism of neptunium(IV) from hydro- 
chloric acid is similar to that of thorium ion, 
because both acid and solvent dependence of 
K, values for neptunium(IV) coincide with 
those of thorium. That is to say, neptunium- 
(I1V)-HDEHP complex is supposed to have an 


extraction 


performed during the writer's 
National Laboratory, Lemont, 


15) Unpublished work 
tay in the 
Ilinois, USA 


Argonne 
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Fig. 7. The solvent dependence of Ky values 


for neptunium(IV), thorium and zirconium. 


iso-morphous structure with that of thorium- 
(I1V)-HDEHP complex. As the formula for the 
thorium complex, Peppard and Ferraro gave 
ThA.(HA:,). which was proposed from. the 
results of the infrared spectra and the ele- 
mentary analysis, where HA _ denotes the 
HDEHP molecule. Therefore it might be 
reasonable to give NpA.(HA.)» for the neptu- 
nium(IV)-HDEHP complex. 


The author wishes to thank Dr. Tomitaro 
Ishimori for criticism and suggestions which 
made a major contribution to this work. 
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The Competitive Reduction of Nitrobenzene and para-Substituted 
Nitrobenzenes with Nickel Catalysts 


By Akira SUGIMORI* 


(Received July 26, 1960) 


Several approaches to the elucidation of the 
mechanism of catalytic reduction may be pos- 
sible. The present paper describes the compe- 
titive reduction of nitrobenzene and substituted 
nitrobenzenes with nickel catalysts. In all the 
cases examined, the nitro compounds with an 
electron attracting group in para position were 
reduced preferentially to those with an electron 
repelling group in the same position. 


Experimental 


Materials. — Nitro compounds were purified by 
recrystallization or redistillation. The melting 
points and boiling points are listed in Table I. 


TABLE I 

Compound M. p. B. p. 

Nitrobenzene 95 .5~97-C 
17~18 mmHg 

p-Nitrophenol s°u 
p-Nitroanisole $2 ~ $3°C 
p-Nitroaniline 145.5~146.5 € 
Ethyl p-nitro- 55 ~ 56°C 

benzoate 
p-Nitrobenzal- 105 ~105.5°C 


dehyde 


Raney nickel 
Billica!? was 


Preparation of Catalysts. —a) 
catalyst. The method of Adkins and 
modified in order to obtain stable catalytic activity. 
One gram of nickel-aluminum alloy (Ni 40%.) was 
treated with 7 ml. cf. 202, aqueous sodium hydro- 
xide at 50°C for 50min. Then the catalyst was 
washed ten times by decantation with 20 ml. of cold 


vater. The pH of the last washing wad 8.5~9.0. 
The catalyst was then washed twice with 20 ml. of 
95°, ethanol. 


b) Urushibara nickel A (U-Ni-A 
iccording to Urushibara, Nishimura and Uehara- 
Catalytic Reduction.—A suspension of the Raney 
nickel (0.4g.) from 1g. of the alloy in 30ml. of 
95%, ethanol was shaken with hydrogen under 
ordinary pressure in a shaking type catalytic reduc- 
tion apparatus until the catalyst absorbed no more 
hydrogen. Then 5mm of a nitro compounds in 30 
ml. of ethanol was added to the catalyst suspension, 
iydrogen was charged, and the reaction was started 


was prepared 


Present address: Division of Radiation Applications, 
japan Atomic Energy Research Institute, Tokai, Ibaraki- 
Ken, Japan 

1) H. Adkins and H. R. Billica, ““Organic Syntheses” 
Vol., 29, John Wiley & Sons, Inc., New York (1949), p. 24 

2) Y. Urushibara, S. Nishimura and H. Uehara. This 
Bulletin, 28, 446 (1955). 


by shaking the reaction vessel. The temperature 
was maintained at 25°C, and the rate of hydrogen 
absorption was measured. In the reduction with 
U-Ni-A catalyst, 1.67m™M of a nitro compound, 
1.0g. of the catalyst and 20ml. of 95%, ethanol 
were used. 

Competitive Reduction..-An equimolar mixture 
of two nitro compounds (each 5mM) was reduced 
under the condition described above until 8~13 mm 
of hydrogen was absorbed, whereas complete reduc- 
tion to amines requires 30m™M of hydrogen. The 
catalyst was removed by filtration and was washed 
with ether. The products in the 
filtrate and washings were analysed. In the reduc- 
tion with U-Ni-A, 6.67 mM each of two nitro com- 
pounds, 1.0g. of the catalyst and 80 ml. of 95 


several times 


ethanol were used. 

Analysis of Products.—-Competitive Reduction of 
Nitrobenzene and p-Nitrophenol. Amines were 
removed from the ethereal solution of the products 
by shaking with dilute hydrochloric acid. Then the 
ethereal solution was extracted with dilute aqueous 
sodium hydroxide, the alkaline solution was acidified 
with hydrochloric acid and extracted with ether, and 
p-nitrophenol, m.p. 113°C, was obtained after re- 
moval of ether from the extract. The quantity of 
nitrobenzene was estimated from the 
in the catalytic re- 
duction of the ethereal mother liquor of the alkaline 


unchanged 
volume of absorbed hydrogen 
extraction. 

Competitive Reduction of Nitrobenzene and p-Nitro- 
aniline p-Nitroaniline, p-phenylenediamine and 
aniline were separated from unchanged nitrobenzene 
by extracting ten times the ethereal solution of the 
reaction hydrochloric acid. Then 
the ethereal solution containing the unchanged nitro- 
benzene was evaporated in vacuum and the residue 
alcoholic solution. 
The quantity of absorbed hydrogen was the same as 
The acidic extract 
was basified with aqueous sodium hydroxide and 
shaken with ether. The residue from the ethereal 
extract was catalytically reduced in alcoholic solution 
to know the quantity of unchanged p-nitroaniline. 

Competitive Reduction of Ethyl p-Nitrobenzoate and 
Nitrobenzene.—-After the solvent was distilled off 


trom the reaction 


products with 


was catalytically reduced in 


that of unchanged nitrobenzene. 


products, the residue was dis- 
solved in a mixture of 30 ml. of dioxan and 40 ml. 
solution 
The solution was 


of concentrated hydrochloric acid The 


was heated under reflux for 5 hr. 


made alkaline with aqueous sodium carbonate. 
Then nitrobenzene was steam-distilled, and the 
distillate was extracted with ether. After removal 


of ether from the extract, the residue was dissolved 
in alcohol and catalytically reduced to estimate the 
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The quantity of reduced 


weighing 


guantity of nitrobenzene. 
ethyl p-nitrobenzoate was estimated by 
p, p'-diethoxycarbonylazoxy-benzene which precipi- 
tated on exposure of the reaction mixture to air. 


Competitive Reduction of p-Nitrobenzaldehyde and 


Nitrobenzene.--The unchanged nitrobenzene and p- 
nitrobenzaldehyde were steam-distilled from the mix- 
ture produced, and the nitro compounds were ex- 
tracted from the distillate with ether. The ethereal 
solution was divided into two portions of known 
volume. The total molar quantity of the nitro 
compounds was calculated from the quantity of 
absorbed hydrogen in catalytic reduction of one 
portion. An acidic solution of 2,4-dinitrophenyl- 
hydrazine was added to another portion. The 
quantity of p-nitrobenzaldehyde in the unchanged 
nitro compounds was obtained from that of the 
2,4-dinitrophenylhydrazone. The quantity of nitro- 
benzene was given by the difference of the quantities 
of the total nitro compounds and p-nitrobenzaldehyde. 
Competitive Reduction of Ethyl p-Nitrobenzoate and 
p-Nitroanisole.—The solution resulting from the com- 
petitive reduction was left under exposure to air for 
two days, and ethyl p-hydroxylaminobenzoate was 
to the corresponding azoxy compound 
After the precipitated p, p'-diethoxycarbonylazoxy- 
benzene was collected by filtration, the solution 
was analysed chromatographically, and p-nitroanisole 
was obtained in white crystals. The quantity of 
p, p'-diethoxycarbonylaxoxybenzene gave the quan- 
tity of reduced ethyl p-nitrobenzoate, and the un- 
changed p-nitroanisole was directly weighed. 


changed 


Results and Discussion 


Separate Reduction Rates of Nitro Compounds. 

The hydrogenation curves of several nitro 
compounds were given in the preceding paper 
The increasing rates towards the end of the 
hydrogenation of nitrobenzene and of ethyl p- 
nitrobenzoate with Raney nickel catalyst are 
due to stepwise hydrogenation. Namely, the 
nitro compounds are reduced first to the 
hydroxylamines with 2H»2, and then the hydro- 
xylamines to amines with Hb), the latter process 
being faster than the former. In the hydro- 
genation of p-nitrobenzaldehyde and of ethyl 
p-nitrobenzoate with U-Ni-A the hydrogenation 
rates go down, making a break after 2 mol. of 
hydrogen has been consumed. This is also due 
to stepwise hydrogenation and here hydroxyl- 
amines are reduced more slowly than the parent 
compounds. 

Competitive Reduction. — In the competitive 
catalytic reduction, a more reactive substance 
is not necessarily reduced in a greater quantity 
than a less reactive competitor. For example, 
in separate reduction nitrobenzene 
three times as quickly as ethyl p-nitrobenzoate 
with Raney nickel. But, when a mixture of 
nitrobenzene and ethyl p-nitrobenzoate was 
catalytically reduced, more ethyl! p-nitrobenzoate 
was reduced than nitrobenzene. While nitro- 


is reduced 


3) A. Sugimori, submitted to this Bulletin. 
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benzene and p-nitrophenol are almost equally 
reactive in separate reduction with U-Ni-A 
catalyst, nitrobenzene was reduced exclusively 
at first in the competition with p-nitrophenol. 

These phenomena can be explained by the 
difference in the affinities of substrates to 
nickel catalysts. In the above example, ethyl 
p-nitrobenzoate must be adsorbed, and thus 
reduced, preferentially to nitrobenzene. The 
same interpretation applies to the competitive 
reduction of nitrobenzene and p-nitrophenol 
with U-Ni- A catalyst. 

In order to find out the sequence, if any 
exists, in the strengths of affinities of nitro- 
benzene and_ substituted nitrobenzenes, the 
following considerations will be made: 

To make the matter simple, any difference 
in the adsorption areas of the molecules of a 
pair of nitro compounds is neglected until later 
discussion. 

If it is assumed that there was no selectivity 
in the adsorption of the nitro compounds, each 
component being adsorbed with equal 
the rates of separate hydrogenation of the two 
compounds will give the quantities of both 
compounds to be reduced in a partial hydro- 
genation of their mixture, and comparison of 
the false values calculated in this way with 
observed ones will give a suggestion regarding 
the different affinities of the two nitro com- 
pounds to the nickel catalyst. 

One or two examples will be 
below : 

A mixture of 5mm each of ethyl p-nitro- 
benzoate and nitrobenzene was hydrogenated 
with Raney nickel until 251 ml. of hydrogen 
was absorbed, and 2.60 mm of the former was 
reduced and 3.15mMm of the latter remained 
unchanged. Both ethyl p-nitrobenzoate and 
nitrobenzene are hydrogenated stepwise and, 
therefore, the competing reactions are: 


ease, 


illustrated 


EtOOC NO, 


t EtOOC NHOH ~ H.O 


; 2H 
NO, —> 


NHOH H.O 
As the initial rates of separate hydrogenation 
of ethyl p-nitrobenzoate and nitrobenzene are 
73 ml./5 min. and 216 ml./5 min., respectively, 
the quantity of hydrogen to be consumed for 
the hydrogenation of ethyl p-nitrobenzoate 

would be from the above assumption: 

73 . 
H x 251 


73-216 63 ml. 


that for nitrobenzene: 


216 
> «251 = 188 ml. 


He= 93. 216 * 





March, 1961] 


The quantities of the nitro compounds to be 
hydrogenated would respectively be: 
63 4 
R; 5x24 1.41 mm 
188 
R 927.4 4.19 mm 
Accordingly, the quantities of the nitro com- 
pounds left unchanged would be: 


L, =5.00— 1.41 =3.59 mm 
L.=5.00—4.19=0.81 mm 


The calculated values are compared with the 
observed values in Table II, which is interpreted 
as showing that ethyl p-nitrobenzoate has a 
stronger affinity with the nickel catalyst than 
nitrobenzene has. 


TABLE II 


Calcd. 


Compound 
mM 


Ethyl p-nitrobenzoate 

reduced 1.41 
3.59 
4.19 


0.81 3.55 


unchanged 
Nitrobenzene reduced 


unchanged 


The competitive hydrogenation of nitro- 
benzene and p-nitroaniline with Raney nickel 
catalyst is more complicated, because the 
former gives phenylhydroxylamine while the 
latter is reduced to p-phenylenediamine: 


2H 


NO, —> NHOH ~ H.O 


3H 


H.N-< »>-~NO, — H2N >-NH: + 2H:O 


The separate hydrogenation rates of nitro- 
benzene and p-nitroaniline are 216 ml./5 min. 
and 134ml./5 min., respectively. The hydro- 
genation of a mixture of 5mm each of nitro- 
benzene and p-nitroaniline was stopped when 
291 ml. of hydrogen was absorbed, and 4.10 mm 
of p-nitroaniline remained unchanged. From 
the above assumption, the quantities of hydro- 
gen to be consumed by nitrobenzene and p- 
nitroaniline would respectively be: 

216 


x 29 
- 216+ 134 


134 
H x 291 


216-134 


180 ml. 


111 ml. 


hydro- 
180 ml. 


nitrobenzene to be 
with 


The quantity of 
genated to phenylhydroxylamine 
of hydrogen is: 

180 


2 X 22.4 


4.24 mM 


and the quantity of p-nitroaniline to be hydro- 
genated to p-phenylenediamine with 111 ml. 


The Competitive Reduction of Nitrobenzene and para-Substituted Nitrobenzenes 


of hydrogen is: 
111 


R 3%22.4 1.65 mM 
Table III gives the comparison, which shows 
that nitrobenzene has a stronger affinity to’the 


nickel catalyst than p-nitroaniline. 


TABLE III 


Caled. Obs. 
mM mM 
reduced 4.24 


unchanged 0.7 


Compound 


Nitrobenzene 


p-Nitroaniline reduced ea 
unchanged 3 4.10 


Similar treatments of the other competitions 
are shown in Table IV. 


TABLE IV 


Nitrobenzene and p-nitrobenzaldehyde with 
Raney nickel. 


OHC NO 


> OHC NHOH H.O 


2H 


NO NHOH H.O 


Calcd Obs 


Compound 
oe . mM 


p-Nitrobenzaldehyde 
reduced 1.18 


unchanged 3.82 0.52 


4.78 


unchanged 0.22 3.10 


Nitrobenzene reduced 


Affinity to the catalyst: p-Nitrobenzaldehyde 


Nitrobenzene 
ii) Ethyl p-nitrobenzoate and p-nitroanisole 
with Raney nickel 


EtOOC NO 


2H 


> EtOOC NHOH H.O 


CH,O S-NO. 


3H 
> CH,O 


Obs 
Compound : 
mM 
Ethyl p-nitrobenzoate 
reduced 


unchanged 


p-Nitroanisole reduced Be 
= 


unchanged 
Affinity to the catalyst Ethyl p-nitrobenzoate 


p-Nitroanisole 


Separate and competitive hydrogenation of the 
nitro compounds were also studied with U-Ni-A 


catalyst. Results are shown in Table V. 
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TABLE V 


(A) Initial hydrogenation rates of separate 
hydrogenations. 
Nitro compound 1.67 m™M 

U-Ni-A 1.0 g. 

Rate of hydrogen 


Compound 
I , absorption 


126 ml./5 min. 
126 ml. 


Nitrobenzene 
p-Nitrobenzaldehyde .5 min. 
Ethyl p-nitrobenzoate 141 ml. 
p-Nitrophenol 138 ml. 


p-Nitroaniline 68 ml. 
(B) Competitive reduction 
Nitro compounds 6.67 mM each 
U-Ni-A 1.0g. 
1) p-Nitrobenzaldehyde and nitrobenzene. 


OHC S-NO: 


2". onc-2 S-NHOH - H.0 
2H 


NO, > ¢ »>-NHOH + H,O 


Caled. Obs. 


“ompound 
C sai mM mM 


p-Nitrobenzaldehyde 
reduced 4.74 

I 

m 


93 
Nitrobenzene reduced 37 
unchanged 4.30 5.60 


Affinity to the catalyst: p-Nitrobenzaldehyde 
Nitrobenzene 


unchanged 


ii) Nitrobenzene and ethyl p-nitrobenzoate. 


E:tOOC »-NO, 


{ : 
» E00C-~ -NHOH + H.O 


2H 
>-NO. > 


- 


NHOH + H:0 


Calcd. Obs. 


“ompound 
Compounc mM mM 


Ethyl p-nitrobenzoate 
reduced 


unchanged 
Nitrobenzene reduced 
unchanged ie i 


Affinity to the catalyst: Ethyl p-nitrobenzoate 
Nitrobenzene 
iii) Nitrobenzene and p-Nitrophenol 


2H 
NO, —> »>-NHOH ~ H.O 


HO ¢ 


Compound 


3H 
»NO, » HO-< >-NH2 + 2H,0 


Caled. Obs. 
mM mM 


Nitrobenzene reduced 4.80 
1.87 0.34 
p-Nitrophenol reduced 3.47 
3.20 5.10 


unchanged 


unchanged 


Affinity to the catalyst: Nitrobenzene 


p-Nitrophenol 
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iv) Nitrobenzene and p-nitroaniline. 


2H 


No, 3 ¢ \S-NHOH + H:0 


» H:N-¢ \S-NHy + 2H:0 


»-NO, 3H 
Caled. Obs. 


we 
Compound ane mM 


Nitrobenzene reduced 5.47 

1.20 0.47 

p-Nitroaniline reduced 1.92 
unchanged 4.70 6.10 


unchanged 


Affiinity to the catalyst: Nitrobenzene 
p-Nitroaniline 


To examine further the selectivity in ad- 
sorption, the initial rates of hydrogenation of 
mixtures were measured and compared with the 
initial rates of separate reduction in Table VI. 


TABLE VI 


Initial rate of 
separate 
reduction 

(ml. of H» 

5 min.) 


Initial rate of 
the reduction 
of mixture 
(ml. of He 
5 min.) 


Compound 


Nitrobenzene 216) 54 
Ethyl p-nitrobenzoate 73 i 


Nitrobenzene 216 63 
p-Nitrobenzaldehyde $2 : 


Nitrobenzene 216) 208 
p-Nitroaniline 134) 2 


Table VI shows that the reduction rate of 
a mixture is almost the same as that of the 
component which is considered to have a 
stronger affinity to the catalyst. These data 
also indicate that the difference in affinities of 
the two components of each combination is 
great enough to cause completely selective 
adsorption. 

The comparisons of the affinities of the 
nitro compounds to the nickel catalysts are 
summarized in Table VII. 


TABLE VII 
Raney nickel U-Ni-A 


Ethyl p-nitrobenzoate 
Nitrobenzene 


Ethyl p-nitrobenzoate 
Nitrobenzene 
p-Nitrobenzaldehyde 

Nitrobenzene 


p-Nitrobenzaldehyde 
Nitrobenzene 


Nitrobenzene 
p-Nitrophenol 


Nitrobenzene 
p-Nitroaniline 


Nitrobenzene 
p-Nitroaniline 


Ethyl p-Nitrobenzoate 
p-Nitroanisole 


In all the systems studied, an aromatic nitro 
compound with an electron attracting group 
in para position has a stronger affinity to the 
nickel catalysts than the compound with an 
electron repelling group in the same position. 
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Other factors that might have effects on the 
affinities of nitro compounds to the _ nickel 
catalysts must also be examined. 

Cross Section in Adsorption. 
tion in adsorption has been neglected in the 
above discussion but it might affect the ap- 
parent affinity of the nitro compound to the 
nickel catalysts. The molecule with a larger 
cross section in adsorption may be adsorbed 
in a smaller number than the molecule with 
a smaller cross section. Therefore, the same 
observed rate of separate hydrogenation with 
U Ni-A catalyst may suggest that the hydro- 
genation of one molecule of p-nitrophenol is 
more rapid than that of nitrobenzene. Thus, 
if there were no selectivity in adsorption, p- 
nitrophenol might be reduced to a greater ex- 
tent than nitrobenzene in the competitive 
reduction, but this was not true, and so the 
selectivity in adsorption rather than the mole- 
cular cross section governs the results. 


The cross sec- 
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Carbonyl group in ethyl] p-nitrobenzoate and 
p-nitrobenzaldehyde can attack the active centers 
of the nickel catalysts, and the strong affinity 
of p-nitrobenzaldehyde and ethyl p-nitrobenzc- 
ate to the catalyst might be attributed to the 
adsorption of the carbonyl group. But this 
is denied, because the partial reduction of p- 
nitrobenzaldehyde gave p-hydroxylaminobenz- 
aldehyde, and nitro group is_ preferentially 
adsorbed to carbonyl group by the catalysts. 


The author wishes to express his hearty 
thanks to Professor Y. Urushibara for his kird 
encouragement throughout this 
grateful to Dr. M. 
Nishimura for their 


guidance and 
work. He is aiso very 
Kobayashi and Dr. S&S. 
helpful discussion. 
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Studies on Extraction of Polonium(IV) by Hexone from Acid Solution 


By Niro Matsuura, Akira Oucnui* and Masuo Kosima** 


Received June 10, 


Solution chemistry of polonium(IV) with a 
weighable quantity of polonium was developed 
by Bagnall et al.’ for years past. 
However, one of the present authors found 
that polonium(VI), having a higher oxidation 
potential with regard to polonium(IV), was 
not stable, owing to its own a radiation 
Accordingly, it is necessary to employ a minute 
quantity of this element (which does not cause 
any radiolysis) in order to distinguish the 
from self radiolysis. The extraction 
study of polonium(IV) was undertaken, ‘there- 
fore, with quantities of less than one microcurie 
of polonium per millilitre. In the course of 
studies on polonium extraction 
isobutyl some 
extraction 
range of acidity, 
more 


several 


results 


the present 
with hexone (methyl 
peculiarities in the 
were observed in a certain 
Suggesting that there will be one or 


etone,) 


characteristics 


A. Ouchi (formerly A. Iguchi). 
Present address: Government Chemical [Industrial 
Research Institute of Tokyo, Yoyogi P. O., Toky 

1) K. W. Bagnall, “‘“Chemistry of the Rare Radiocele- 
ents”, Butterworths Scientific London 
1957), pp. 3-94. 

N. Matsuura and M. Haissinsky, J. c/im 
1958). 


Publications, 


4 


1960) 


unestablished complex species of polonium 
other than PoX . These phenomena ap- 
peared to be closely related with the history 
of employed polonium sources as well as with 
the acid nature of the aqueous phase from 
which polonium was extracted ». In order 
to find out new species of polonium(IV) 
responsible for this peculiarity in aqueous 
medium, the experiments were carried ovt 
under well defined conditions concerning tke 
history of polonium source and the acidity of 


the extraction system. 


Experimental 


1 Materials.--Polonium received from Amer- 
sham, England, dated June 1959, was in the form 


It was used afier 


purification in our laboratory as described below: 


of nitrate in IN nitric acid. 


A portion of polonium solution was converted 
into 0.3N hydrochloric acid solution from which 


M. Guillot, ibid., 28, 107 (1931). 
K. W. Bagnall, R. W. M. D’Evye and J. H. Freeman, 
rem. Soc., 1955, 3959. 
G. Hevesy, Phys. Z., 14, 49, 1202 (1913) 
K. W. Bagnall and D. S. Robertson, J. Chem. Soc., 
57. 509 
lr. Ishimori, This Bulletin, 27, 529 (1954). 
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polonium was deposited on a_ silver foil by 


electrochemical displacement. The deposited polo- 
nium was redissolved in IN nitric acid togethet! 
with metallic silver and was freed from silver by 
precipitating silver as chloride. The 
liquid thus obtained was evaporated to 
while the residue was extracted with hot dilute 
hydrochloric acid. After this purification procedure 
was repeated several times, the extracted polonium 
solution was stored in 6N hydrochloric acid. The 
resulting solution was the usual starting source of 


supernatant 


dr yness, 


our experiments, though other solutions of different 


kinds of acid and acidities were sometimes used as 
well. 

2) Activity Measurement.—-Twenty microlitres of 
the solution, containing polonium, was pipetted by 
a glass micro-syringe furnished with a micrometer. 
In order to obtain the homogeneity of the samples 
different 
evaporating the 


. wet 1 t + ! > ‘ 
for the a counting of polonium, two 
methods 


pipetted sample directly on 


were applied, one by 


a glass plate and the 
her depositing the polonium on a silver foil by 


P 1 1 sant ® > imorie 
electrochemical displacement. The simpte 


ot 
th 
evaporation method was not suitable for obtaining 
consistent @ aciivity of polonium, especially when 


present. In the 


some non-volat 


electrochemical 


preliminary 


ile material was 


method 


it was desirable to make 
from acid 
solution in the presence of an excess amount of 
potassium iodide. By this method all polonium 
activities could be transferred to an organic phase 
as hexa-iodo polonium complex, Pol,*~. The 
hexone solution thus obtained was placed on a 
silver foil, while polonium was deposited electro- 
chemically for activity measurement. The discharge 
rate of electroscope, 5.575 div./min. was standardized 
against the counting rate of 4z flow counter for the 
same sample under the same condition of measure- 
ment. This yielded 977 counts/min. against 5.575 
div./min., i. e., 1 div./min. corresponds to 4.7 x 10 
microcurie of *!°Po. 

3) Partition of Polonium between Two Liquid 
Phases.-—- For determining the distribution of 
polonium between hexone and aqueous acid solution 
the sample solution was shaken at room temperature 
in a stoppered glass test tube with the same volume 
of solvent, preliminarily saturated with the acid of 
the same concentration. The correction of volume 
change after extraction was needed when the ex- 


extraction with hexone 


traction was made from concentrated acid solution 
Although in our 
micro microlitres of the sample was 


errors fell within the limit of 10 


several ten 
taken, the 
The equilibrium 


an 5 min. at the 


measurements only 


of partition was established in less th 
temperature of 20+5-C 

4) Aging of Polonium Solution.—About 80 
microlitres of the stock solution which contained 
a known amount of polonium was taken in 4ml 
of hydrochloric, Just after 


mixing a portion of px lum was extracted w 


sulfuric 
hexone from the mixture Th ro 
at time 0. 
boiled x condenser for 
several hours on a steam bath, bef« 


to room temperature. 


vided the dat 
The rest of the polonium solution was 
in a glass flask with refl 
re it was cooled 
This aged solution was used 


asa sample lor extraction of polonium. 


cui and Masao KOJIMA [Vol. 34, No. 3 


Results and Discussion 


1) Adsorption of Polonium on Glass Wall. 
Polonium is generally adsorbed strongly on a 
number of substances. For example, the 
adsorption on _ ion-exchange resins, either 
cationic or anionic, is so strong that polonium 
is hardly eluted even by an eluant of high 
ionic concentration. In this respect, 1on- 
exchange technique did not give any reliable 
data for studying the complex chemistry of 
polonium. It seemed to us that the partition 
method was rather preferable. In the extraction 
method, the adsorption 
wall caused another difficulty in the accurate 
determination of polonium activity. In order 
to obtain a correct partition coefficient, it is 
necessary to know the loss of polonium by 
adsorption from the extraction system. In 
Fig. 1 the actual adsorption loss was shown in 


however, on a glass 


Aged in sulfuric acid 


y 
= 
> 
c. 
, 
« 
q 
7 
ao 
< 


Aged in hydrochloric acid 
Fig. 1. Adsorption of polonium(IV) on 
the wall of Iml. glass stoppered vessel 


for hexone extraction. 


(Po lost/Total Po used) x 100% as the function 
of acidity of the medium from which polonium 
was extracted. In the hydrochloric acid vs. 
hexone system the adsorption on a glass wall was 
very small, if the acid was stronger than 2N. 
On the other hand in sulfuric acid-hexone 
system several hundredths of polonium was 
left on the surface of the glass wall regardless 
of the acidity so far as we examined it 
Therefore, the adsorption loss cannot be 
neglected for the correct extraction data. 
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2) Aging Effect on Nitric Acid.—The amount 

polonium extracted from nitric acid solution 
was nearly constant, 80%) being found in the 
organic phase. This constant value of extraction 
coefficient can be obtained if the polonium 
source stored in 6N nitric acid is employed 
for extraction after immediate dilution to a 
given concentration of the acid. Much lower 
extraction coefficients were observed, on the 
other hand, if polonium in 0.4N nitric acid 
was extracted. In Fig, 2, the extraction 


Extraction coefficient, 


Acidity of extraction medium 
hydrochloric acid) 


Fig. 3A. Aging effect on extraction coeffici- 
ents. (Immediately after dilution.) 1. 6N 
HCl source 2. 2 N HCI source 3. 0.3 N HCI 


source 4. 1 N H.SO, source 


Extraction coefficient, 


Normality of nitric acid in 
aqueous phase 
Fig. 2. Aging effect on polonium(IV) ex- 
traction with hexone from. nitric acid 
medium for the source stored in 0.4N 

(1~4) and in 6N (5). 

1. Extraction immediately after dilution. 
Extraction after 1 hr.’s heating. 
Extraction after 2 hr.’s heating. 
Extraction after 12 hr.’s heating. 

@- 5. Extraction without aging. 


coefficient curve 1 for polonium source in 
0.4N nitric acid fell with decreasing acidity. 
The aging before extraction by heating under 
reflux for 1,2 and 12 hr. at 80°C increased the 
extraction coefficients up to 80% as shown in 
corresponding curves 2,3 and 4 in Fig. 2. 
This fact suggests that polonium(IV) nitrate 
complex Po(NO;);’~ or Po(NO;)5~ °°, which 
is stable in 6N nitric acid, can be readily ex- Acidity of extraction medium 
tracted by hexone, whereas the hydrolysed (hydrochloric acid) 
complex produced in weak nitric acid below Fic. 3B. A 
( 


Extraction coefficient, 


ging effect on extraction coeffi- 
cients. Aged for 6hr. at boiling 
8) J. Danon and A. A. L. Zamith, J. Phys. Chem., 61, point.) 
431 (1957). pe ae : = 
N 1 source 2. 2N HCI source 3. 0.3 N 
9) K. W. Bagnall, D. S. Robertson and M. A. A. 1. 6% HC cn — < 1.SC ° = 
Stewart. J. Chem. Soc., 1958, 3633. HCl source 4. 1N H2SO, source 





414 Niro MATSUURA, 


hardly extracted at all. 
the latter hydrolysed ionic 
detected in our experiments, 
authors suggest that the ionic 
PoO** or Po(OH):. (NQs;); 

3) Aging Effect in Hydrochloric Acid. 
Aging effect on the extraction characteristics 
of polonium was also observed in hydrochloric 
acid as well as in nitric acid. The results 
were represented in Fig. 3 for the 
different polonium sources aged and stored in 
0.3, 2 or 6N hydrochloric acid. In 
polonium was extracted from hydrochloric acid 
of 0.3~6N for the samples aged 6 hr. under 
reflux (A) and non-aged (B). The minimum 
extraction coefficient Observed at about 
2N hydrochloric acid. This minimum appeared 
only in the extraction from hydrochloric acid 
medium. Hence, it was assumed that in 
hydrochloric acid there would be two different 
ionic species of polonium complex easily 
soluble in hexone. A well-established form of 
polonium(IV) complex in hydrochloric acid is 
PoCl,°~ which is believed to be formed easily in 
hydrochloric acid of higher than 6N and stable 
even in more dilute acid after it was formed 
But by aging in more dilute acid solution for 
prolonged time, the solubility of polonium in 
hexone decreased as it formed some kinds of 
hydrolytic products which were hardly soluble 
in hexone. 

4) lonic Species of 
very 


IN is 
species cannot be 
though 

formula is 


some 


several 


this case 


Was 


Hydrolytic Product. 

interesting to estimate the ratio of 
insoluble species to soluble species from the 
data of Fig. 3B. This ratio depends not only 
on the acidity of the extraction system but 
also on the history of the polonium source 
Then, for example, the curve 2 in Fig. 3B, 
having a sharp minimum at nearly 2N, can be 
analysed into two separated curves, as shown 
in Fig. 4 with dotted lines. These separated 
indicate two different hexone soluble 
complex species contributed to the extraction 
at the same time, though in different ways, in 
the acidity region, one in the range over 3N 
and the other in the acidities less than 2N. The 
dependence of each curve on the acidity of the 
extraction system can be shown in Fig. 5 by the 
logarithmic plots of Polonium soluble Polonium 
insoluble or E’/(1 
in linear scale. Here, E’ denotes the extraction 
coefficient for separated species. These plots 
have linear character with the tangential 
increment 4. Applying mass action law to 
this system for the hydrolytic reaction given 
by (1), an equilibrium relation (2) is obtained 
between two polonium soluble and 


It is 


curves 


E’) asa function of acidity 


species, 


10) D. J. Hunt, Amer. Rep., 
11) K. W. Bagnall and J. H 
1956, 2770. 


MLM, 979 (1954) 


Freeman, J. Chem. So 


Akira Oucut and Masao KoJIMA 


The form of 
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Extraction coefficient, 


; ! 6 N 
Normality of hydrochloric acid in 
aqueous phase 


Fig. 4. Analysis of the extraction coeffici- 
ent curve. 


/ 
7 
0.5 
logas+uci 


i 2 3 


Normality of hydrochloric acid in 
aqueous phase 


Logarithmic plots of curve II in 


insoluble, which shows 


fourth power of acidity. 
PoCl 2H.O = Po(OH).-Cl 
Zn +l 
PoC] soluble in hexone 
Po(OH)-Cl,*~ insoluble 
K-(H*] '- (Ci-]} 


dependence on 


* 
3 





March, 1961] 


Po(IV) soluble E’ 
Po(IV) insoluble | E’ 


K-a°+uc1 


Where, @asnc) is the mean activity of hydro- 
chloric acid. It seemed from the above 
consideration that the species of Po(OH).-Cl, 
or PoO’?*(H:O+4ClI~-) is responsible for the 
appearance of minimum extraction from hydro- 
chloric acid medium at the concentration about 
2N. 

However, the idea is not entirely excluded 
that polonium nitrate complex formed in the 
purification process is partly extracted even 
from hydrochloric acid. Accordingly, it is 
possible to assume that the minimum value of 
extraction appears in the acidity most favorable 
to hydrolytic reaction succeeded by the following 
schema : 


Po(NO;); 2H.O 
Poo’* +2" 
PoO**t +2H* +601 

Po(NOs:)<°~ + 6Cl 


6NO H.O 


H.O = PoCl 
PoCl, 


2H.O 
6NO 


Here, unconverted nitrate complex contributes 


to the extraction in the concentration range of 


hydrochloric 2cid lower than 2N. In_ this 
hypothesis, an assumption of an_ uncertain 
soluble complex of polonium is not necessary. 
However, there is no reason to believe that 
the nitrate complex is more stable than chloro- 
complex nor that the conversion of nitrate 
complex into chloro-complex is incomplete. 


100 - 





Extraction coefficient, 


H,SO, source 


4 — A ¢-__¢_—_¢@-_—_%>_-® 





2 4 6 N 
Acidity of extraction medium 
(sulfuric acid) 
Fig. 6A. Aging effect on extraction coeffi- 
cient. (Immediately after dilution.) 
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_--2N HCI Source 


7) 


C 


6 HCI! Source 





“-#----0.3N HCl Source 


Aged in room temperature) 


---0.3N HCl Source 


(Immediately after producing) 


Extraction coefficient, 


N H.SO, Source 





Acidity of extraction medium 
(sulfuric acid) 
Fig. 6B. Aging effect on extraction coeffi- 
cient. (Aged for 6 hr. at boiling point.) 


5) Aging Effect on the Extraction from 
Sulfuric Acid Medium.—Partition equilibrium 
of polonium(IV) between hexone and aqueous 
solution of sulfuric acid was also studied with 
the different sources of polonium, stored in 
6, 2 and 0.3 N hydrochloric acid and 1 N sulfuric 
acid, respectively. The results were shown in 
Fig. 6. Among them only the polonium 
source prepared and stored in sulfuric acid 


100+ 


Extraction coefficient, 





— 4 
4 


Normality of sulfuric acid 


Fig. 7 Extraction of polonium(IV) in 


sulfuric acid 
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gives extraction coefficient nearly nul in the 
entire range of acidity examined. This 
indicates that a trace quantity of chloride, if 
present in sulfuric acid, causes a remarkable 
increase of extraction yield and that the yield 
attains the maximum value corresponding to 
that of hexachloro-polonium(IV) complex, 
PoCl,’?~. It can be said that one of the 
complex species, PoC] is readily formed in 
the presence of a minimum quantity of chloride 
in sulfuric acid. In our latest publication on 
polonium the extraction of polonium(IV) from 
sulfuric acid medium passed through maximum 
and minimum phases as shown in Fig. 7. This 
was observed by using the polonium source of 
6N hydrochloric acid after diluting 100 times 
with sulfuric acid before extraction. In this 
case the aging was made at 80°C for one hour 
by heating on a steam bath. A minimum 
value of extraction that appeared in the 
proximity of 2N sulfuric acid is consistent 
with the results obtained for the extraction 
from hydrochloric acid by using an _ aged 
polonium source as already mentioned in 3). 
From this consideration the present authors 
prefer the ionic form PoO** as the stable 
species of polonium(IV) in sulfuric acid to that 
of PoO,;’~ which is regarded as stable in less 
acidic solution according to the analogy of 
Te(IV)O,; 


Summary 


The ionic state of polonium(IV) in hydro- 
chloric and sulfuric acid solution was studied 
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by the solvent extraction with hexone (methy] 
isobutyl ketone). 

1) The polonium solution stored in 0.4N 
nitric acid is strongly hydrolysed by aging. 
The low extraction coefficient caused by 
hydrolysis became higher by heating’ the 
polonium solution in stronger nitric acid. On 
the other hand, the polonium stored in 6N 
nitric acid can be extracted with constant 
extraction coefficient, about 80%, through the 
entire acidity range from 1 to 6N., if the 
extraction was carried out without any aging. 

2) The aging effect of polonium(IV) in 
hydrochloric acid is rather complicated. A 
minimum extraction appeared in the acidity 
range near 2N hydrochloric acid. By applying 
mass action law the probable form of polo- 
nium(IV) in that range was Po(OH).Cl or 
PoO’*, assuming that PoC] was the stable 
form of polonium(IV) in 6N hydrochloric acid 
which is readily soluble in hexone. 

3) Almost no polonium(IV) was extracted 
by hexone from sulfuric acid solution. Here, 
the polonium(IV) in sulfuric exists 
probably as PoO’** rather than as PoO 


acid 
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On the Differences in Monolayer Properties of Poly-;-benzyl-L-glutamate 
and Poly-§-benzyl-L-aspartate 
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Recently great progress has been made in 
the studies on synthetic polypeptides, especially 
concerninig their solutions. Among them, the 
solutions of poly-7-benzyl-i-glutamate in vari- 
ous solvents have been investigated extensively 
and it is found that this polymer has a right- 
handed a-helical configuration in some sol- 
vents’. More recently it has been reported, 


1) P. Doty, J. H. Bradbury and A. M. Holtzer, J. Am. 
Chem. Soc., 78, 947 (1956); J. T. Yang and P. Doty, ibid., 
79, 761 (1957); E. R. Blout, P. Doty and J. T. Yang, ibid., 
79, 749 (1957). 


poly-8-benzyl-L-aspartate, the 
which has a length by one 
methylene group less than that of poly-7- 
benzyl-_-glutamate, is quite different from 
poly-7-benzyl-L-glutamate in its behavior and 
that the a-helix of the former polymer may 
be left-handed rather than right-handed”. 


however, that 
side chain of 


2) E. R. Blout and R. H. Karlson, ibid., 80, 1259, 6701 
(1958); E. M. Bradbury, L. Brown, A. R. Downie, A. 
Elliott, W. E. Hanby and T. R. R. McDonald, Nature, 183, 
1736 (1959); R. H. Karlson, K. S. Norland, G. D. Fasman 
and E. R. Blout, J. Am. Chem. Soc., 82, 2268 (1960). 
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According to the surface chemical studies, 
synthetic polypeptides with non-polar or 
unionized side chains are known to give mono- 
layers of condensed type on aqueous surfaces, 
the surface viscosity of which is manifest at a 
very low surface pressure region, but only those 
which contain prolyl residues in some high 
amounts give monolayers of expanded type, 
the surface viscosity of which is manifest first 
at a very high surface pressure region’®’». In 
general, therefore, the monolayers of ordinary 
unionized polypeptides are of condensed type 
and exhibit high surface viscosities, and the 
only difference among those which are com- 
posed of different amino acid 
reflected explicitly in the behavior of the surface 
potential, according to the difference’ in 
polarities or electric moments of their 
Considering the striking difference in 
properties of poly-7-benzyl-1t-glutamate and 
poly-,3-benzyl-L-aspartate in crystals or in solu- 
tions, as cited above, however, it is expected 
that the two poiymers behave in a different 
way in their spread monolayers, since the 
difference of the two polymers in solutions 
and in crystals will be based on the different 
kinds of interactions of side chain with main 
chain or with other side chains and such an 
effect of side chain of polymers will be most 
distinctly revealed in monolayer states. 

We have thus studied the monolayers of 
poly-7-benzyl-_-glutamate (PBLG) and poly-§- 
benzyl-L-aspartate (PBLA) by the measurements 
of surface pressure, potential and viscosity. 
We will report any marked differences in their 
behavior and propose possible chain configura- 
tions of these polymers in monolayers and 
then discuss the differences on the basis of 
these configurations. Further we have examined 
the monolayer of a copolymer of 7-benzyl-L- 
glutamate and §-benzyl-t-aspartate, copoly-1: 
l-(7-benzyl-t-glutamate, 8-benzyl-L-aspartate) 
(CP(BLG, BLA)), and the equimolar mixture 
of PBLG and PBLA. 


residues are 


side 


chains. 


Experimental 


PBLG (Code No. JI1A) and PBLA (J826) were 
prepared by polymerizing N-carboxy-anhydrides of 
the corresponding L-amino acids in dioxane with 
triethylamine and CP(BLG, BLA) (A227B) by 
copolymerizing the equimolar mixture of N-carboxy- 
anhydrides of these amino acids in (1:1v/v) 
chloroform-dioxane with triethylamine. Their in- 
trinsic viscosities in dichloroacetic acid solution at 
25°C were 0.13, 0.11 and 0.34, respectively. Their 
solutions in (1:4v/v) dichloroacetic acid-benzene 
were spread on aqueous surfaces. The equimolar 
mixed monolayer of PBLG and PBLA was spread 
from their mixed solution in the same solvent. 


3) T. Isemura and S. Ikeda, This Bulletin, 32, 178 (1959). 
4) S. Ikeda and T. Isemura, ibid., 32, 659 (1959). 
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The surface pressure was measured by a_ surface 
balance of the hanging plate type, the surface 
potential by a vibrating electrode and the surface 
viscosity by a rotatory oscillating disk*. The 
temperature was regulated by heating the inside of 
the shielding box with a voltage controlled lamp, 
if necessary. 


Results 


The surface pressure, /J, surface potential, 
AV, and surface viscosity, 7, of PBLG, PBLA 
and CP(BLG, BLA) are plotted against the 
area, expressed in the unit of A’ per (average) 
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Fig. |. Monolayer of PBLG at 9.0°C. , 
surface pressure ; , surface potential ; 
@. surface moment; A, surface viscosity. 
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Fig. 2. Monolayer of PBLA at 10.8°C. 0, 
surface pressure; , Surface potential ; 


@, surface moment ; , Surface viscosity. 

















































































































































































































































































































Ajo, A* AsV, 
PBLG 22. 23 
PBLA 21.5 ae 
CP(BLG, BLA) 23.0 22. 
1:1 PBLG~—PBLA 22.4 22 





0;, cm./dyn. 


TABLE 





PBLG 0.0126 (22.8~20.3A°) 
PBLA 0.0222 (21.5~20.3A*) 
CP(BLG, BLA) 0.0195 (23.0~18.3A°) 
1:1 PBLG+PBLA 0.0191 (22.4~19.5A°) 
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Fig. 3. Monolayer of CP(BLG, BLA) at 
a ee Oe , surface pressure ; , surface 
potential ; §, surface moment; |, surface 
viscosity. 
amino acid residue, as shown in Figs. 1, 2 and 


3. All the monolayers are of condensed type. 
The surface potential not definite but 
fluctuated from time to time at the region of 
large areas. However, reproducible values were 
observed as the surface pressure began to rise. 
Values of the area, Ayo, at which the surface 
pressure steeply increases on compression, and 
of the area, Avy, at which the surface potential 


was 


becomes reproducible on compression, are 
tabulated in Table I. The surface pressure 
and potential were scarcely at all influenced 


by temperature. The Aj, 0 is nearly equal to 
A. for each polymer and they will represent 
the actual area occupied by an (average) amino 
acid residue. 

The values of surface compressibility 
lated by 


calcu- 


1 0A 
all 
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POLYPEPTIDES 


A? ftxa2, mD Ay A? 

 . 270 z.t ( D.C) 
.0 322 6.35 (0.3) 
6 305 2.8 (12.3°¢) 
5 240 13.4 (19.3°C) 


COMPRESSIBILITIE 


ty 


02, cm./dyn. 63, cm./dyn. 
0855 (20.3~ca. 11.4A®%) 
0329 (20.3~ca. 17A*) 0.129 (ca. 17~14.04%) 
21 (18.3~ca. 12A°) 
114 (19.5~ca. 144°) 












are given in Table II, which shows clearly 
the difference in surface pressure-area curves 
of the three polymers. In the region of low 


surface pressure the surface compressibility is 
in the order: PBLA>CP(BLG, BLA) >PBLG. 
The surface pressure-area curve of CP(BLG, 
BLA) is characterized by the region of very 
high surface compressibility such as that ob- 
served for poly-7-benzyl-pi-glutamate 

The surface moments per amino acid residue 
calculated by the Helmholtz equation 


A-dV 
4z 


are plotted against the area, as is also 
in Figs. 1, 2 and 3, and the values at 21A 
are also listed in Table I. It is noticed that 
the surface moment of PBLA is about 50 mD 
higher than that of PBLG and CP(BLG, BLA) 
has an intermediate value of these two. 
Although some differences are observed in 
surface pressure and potential between PBLG 
and PBLA, as described above, they are most 
distinctly reflected in surface viscosity behavior. 
The surface viscosity of PBLG is very high at 
very low surface pressure region, but that of 
PBLA is manifest first at high surface pressure 


shown 


g the surface viscosity of the former is 
much lower than that of the latter. It 
remarkable that, in of the condensed 
nature of monolayer reflected in surface pres- 
sure, PBLA has a very low surface viscosity. 
A monolayer of polymer with such composite 
properties, i. e.,a monolayer of condensed type 
with a low surface has never been 
reported. The surface viscosity-area curve of 
CP(BLG, BLA) is similar to that of PBLG 
rather than being an intermediate between 
PBLG and PBLA. 

The surface viscosities of PBLG and PBLA 
were markediy influenced by temperature and 
they were higher as the temperature was high. 


region ; 
IS 


spite 
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Fig. 4. Variation of surface 
PBLG with temperature. 
m2: ©, SP: x, SHC. 
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Fig. 5. Variation of surface 
PBLA with temperature. 
EP ae he 10.8-C. 


viscosity of 


PASS Ls 


The variations of surface viscosity with tempera- 
ture are shown in Figs. 4 and 5. Contrary to 
the common nature of the expanded mono- 
layer?, PBLA has a _ positive temperature 
coefficient of surface viscosity rather than a 
negative one. 

Values of the area, A,y-=o.1.0, at which the 
surface viscosity reaches 0.10 surface poise, are 
also given in Table I. 


Discussion 


Chain Configurations of PBLG and PBLA in 
Monolayer.—-The values of the limiting area, 
Aj;.9, derived from the surface pressure-area 
curves imply that these three polymers assume 
a configuration such as the §-form in mono- 


layers. Although the limiting area, 22 A°, of 
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these polymers 
of some other 


is somewhat larger than that 
polypeptides such as poly-p1- 
alanine, ISA this suggests that the area 
occupied by a residue is not defined by the 
main chain only but by the large side chain 
for these polymers. As the polymers are com- 
posed of L-amino acid residues exclusively, the 
side chains are oriented up and down alter- 
natively when spread on an aqueous surface, 
assuming a §-configuration’’> but the hydro- 
philic or hydrophobic nature and the orientation 
of side chain should be different from that of 
non-polar polypeptides owing to the 
of two oxygen atoms. 

Since the three polymers have polar groups 
on a side chain as well as on the main chain 
and then the side chain has both hydrophilic 
and hydrophobic nature, the side chain can 
change its orientation with greater ease some- 
times rising into the air, sometimes lying on 
the surface and sometimes submerging into 
the water. The fluctuation of surface potential 
at large areas might be ascribed to such a 
thermal motion of the chain. On high 
compression, however, the orientation of the 
side chain is forced to be fixed into a definite 
position, as given below. Thus the area, Azsy, 
at which the surface potential gives a definite 
value, is nearly equal to the limiting area, 
A +f). 

As shown in Table I, the surface 
of these three polymers are much higher than 
those of polypeptides with non-polar 
chains such as poly-pi-alanine, 160 mD». This 
can be attributed to the contributions of the 
polar groups on side chain, i.e., 
moments of the carbonyl! group and the H-C-O 
bond. to the surface moment besides that of 
the main chain. If the carbonyi group on the 
side chain is towards the 
surface with an angle 90 #, then the * surface 
moment’ of the side chain of PBLG and PBLA 
is given by 


presence 


side 


moments 


r 
siae 


the electric 


directed aqueous 


(A) fce=0 COSO o cos (4 30°) 


if all the bonds on the side chain are assumed 
to be in trans form, or by 


(B) "te .~9 COSO co COS (7 


if the OC O bond alone takes cis form. 


About half of the side chains are submerged 
into the aqueous subphase and surrounded by 
water molecules; this does not contribute to 
the surface moment*. Thus the total surface 
moment observed experimentally consists of 


W. N. Cumper and 

‘ 46. 235 (1950 

Davies, Biochim. Biophys. Acta, 11 
Davies, Trans. Faraday 5S 49. 949 
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TABLE III. CALCULATED VALUES OF SURFACE MOMENTS 


#=160 mD+1/2 #(side chain) 


4 0 30 35 40 45 50 55 60 90 

t A) 242 274 272 269 266 261 252 250 203 

e(mD) (B) 439 359 344 327 309 291 271 250 117 
the contributions of the main chain, 160 mD», value, 305 mD, slightly higher than the mean 
and of half the ‘surface moment’ of the side value, 296 mD, suggests that the side chains of 
chain. [If it is assumed that #c=0=-360mD 7-benzyl-_-glutamate residue are influenced by 
and /% 170 mD ?, the total surface moment J-benzyl-L-aspartate residue in this copolymer. 
can be calculated for various values of @ in The observed value of surface moment of 

either case, (A) or (B). The results are given 7-benzyl-L-glutamate residue in PBLG, / 
in Table II]. Comparing these calculated values 270 mD, may be compared with that of ;7- 
with the observed values in Table I, it is found methyl-.t-glutamate residue in copoly-1I: I-(7- 
that the side chain of PBLA has a configura- methyl-_-glutamate, Di-phenylalanine). The 
tion with @ 40° in which all the bonds are latter copolymer has a surface moment per 


amino acid residue, /#;,:=197mD~». Since the 
the other hand, the configuration of the side eneince SOMERS af puty-ne-phenyimnasne 48 
- Sito # Seer Pais 110mD>, the contribution of 7-methyl-L- 
chain of PBLG has two possible configurations ' ea . 
: “ttle she : glutamate residue to the surface moment of 
from ne eaten on surface ge alone, but the copolymer should be 284mD, which is in 
it is confined to the one with all the bonds accord with the surface moment of 7-benzyl-L- 
being trans other than the OC ¢ bond and = gjutamate residue in PBLG. 
with # -55-, if the limiting area derived from Relation of Surface Viscosity with Surface 
The Pressure. As was noted before, whereas PBLG 
gives a high surface viscosity at areas larger 
than the area at which the surface pressure 
begins to rise steeply or the limiting area, 1. e., 
2 at a very low surface pressure region, PBLA 
shows a high surface viscosity only at areas 
far smaller than the limiting area, i. e., at a high 


trans except that the O-C O bond is cis. On 


the surface pressure is taken into account. 
configurations deduced thus are illustrated as 
follows: 


_ CH, K J surface pressure region. In other words, the 

Y ° ° 7 . 

0 CH surface viscosity is much higher for PBLG 

= oO ; than for PBLA. The behavior as was observed 

Os CH: ee for PBLG has the general characteristics of 

Hy C Cc ~CH monolayers of condensed type. However, that 

coi a Re well ee for PBLA has not been noticed for monolayers 
ED surtace 0 f{- . : ? 

ZZ} Z| of any polymers so far examined, but only for 


monolayers of long chain fatty acids’? and 
their mixtures with each other or with long 
chain alcohols'. This striking difference be- 
tween PBLG and PBLA may be interpreted on 


PBLG PBLA 


It can be seen that the orientations of side 
chains of PBLG and PBLA are quite different 
from each other, although the difference in the basis of the configurations of side chains 
their structure is only by one methylene group presented above. 
in side chain length. In other words, the The monolayer of PBLG would correspond 
carbonyl group on the side chain of PBLG _ to the glassy state polymers in three dimen- 
seems to play the role of a hydrophobic part Sional state in which the interaction between 
and does not serve for the hydrophility of Segments are very strong, and consequently 
the side chain very well, but that of PBLA is the monolayer is condensed and the surface 
. viscosity is very high. In this case the inter- 
action between segments would mainly be the 
hydrogen bonding between peptide bonds in 
the main chain. The monolayer of PBLA 
would also correspond to the glassy state. In 


submerged into the aqueous subphase and is 
indistinguishable from the carbonyl group on 
the main chain, thus greatly increasing the 
hydrophilic nature of the side chain. 

The value of surface moment of CP(BLG, 
BLA) intermediate between PBLG and PBLA _ the case of PBLA, however, the carbonyl group 


supports the configuration similar to the S-form 9M the side chain is submerged into water like 

for these three polymers in monolayer and the 
10) G. E. Boyd and W. D. Harkins, J. Am. Chem. Soc., 

61, 1188 (1939). 

9) A. E. Alexander and J. H. Schulman, Proc. Roy. Soc., 11) G. E. Boyd and F. Vaslow, J. Colloid Sci., 13, 275 

A161, 115 (1937). (1988) 
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the one on the main chain, as referred to 
before, and, therefore, the interactions between 
segments are not necessary ascribed to the 
hydrogen bonding between peptide bonds but 
also. possibly to the hydrogen bonding of 
the carbonyl group on the side chain with the 
imino group on the main chain. The mono- 
layer configuration of PBLA would be less 
stable than that of other polypeptides and a 
part of the molecular chain can easily be sub- 
merged into the aqueous subphase under 
compression or under shear flow. Further, the 
hydrophilic nature of the side chain is greatly 
enhanced owing to the carbonyl] group in contact 
with water and would be _ responsible for 
reducing the resistance against compression or 
shear. Thus the high surface compressibility 
and the low surface viscosity of PBLA will be 
exhibited after the surface pressure begins to 
rise or the monolayer is compressed to the 
limiting area. 

The specific nature of the side chain of PBLA 
seems to be related to its reactivity when it 
is reduced to remove the benzyl group on the 
side chain. By this treatment, PBLA does not 
produce poly-a-L-aspartic acid but gives poly- 
anhydro-L-aspartic acid’, while PBLG gives 
poly-a-L-glutamic acid. This also suggests that 
the carbonyl group on the side chain is 
scarcely distinguishable from that on the main 
chain. 

The variations of surface viscosity with 
temperature for PBLG and PBLA are given in 
Figs. 4 and 5. If the logarithms of surface 
viscosity of PBLA at different temperatures 


are plotted against surface pressure, a part of 


each curve gives a straight line expressed by 
log 7=log 7 + cll 


¢ 


as shown in Fig. 6. The same type of equa- 


> 


\ 


Surface viscosity (surface poise) 


Surface pressure, dyn. percm. 


P 


Fig. 6. The logy-17 plots for PBLA at 


different temperatures. ; ao 

72% 3 , 10.8-C 
12) J. Noguchi, T. Saito and M. Asai, J. Chem. S 
Japa Pure Cher Sec Nippon Kagaku Zasshi 81, 620 


(1960 
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TABLE IV. CONSTANTS OF THE log 7-/7 RELATION 
FOR PBLA 


Temperature, -C logy ( 1, dyn./cm 
24.5 1.99 0.124 2.0~5.0 
17.9 2.92 0.207 2.2~6.5 
10.§ Wott 0.249 2.2~7.0 


tion has been found for some other mono- 
layers The constants of this equation 
for PBLA are tabulated in Table IV. No 
further implication of these constants is clear. 

The Equimolar Mixed Monolayes of PBLG 
and PBLA.— The monolayer characteristics of 
the equimolar mixture of PBLG and PBLA 
are shown in Fig. 7 The limiting areas 
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Fig. 7. Equimolar mixed monolayer o 
PBLG and PBLA at 19.3-¢ , surface 
pressure; _. surface potential : J. surface 
moment; “., surface viscosits 


derived from the surface pressure and from 
the surface potential are equal to each other 


22 A*, and the surface compres- 


and are about 22 
sibility at the region of rise of surface pressure 
is intermediate between those for PBLG and 
PBLA and almost equal to that of CP(BLG, 


BLA). However, the surface moment and 
viscosity are much lower than those of CP(BLG, 
BLA). These characteristics are also given in 
Tabies I and II. The reason for the low 


surface moment and the low surface viscosity 
of the mixed monolayer is not clear, since the 
dipole-dipole interaction would not be strong 
enough to influence monolayer properties very 


appreciably 
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Summary 
of PBLG 


we 


In view of the marked differences 
and PBLA in crystals and in solutions, 
have investigated their differences in monolayer 
states and further examined the monolayers of 
CP(BLG, BLA) and of the equimolar mixture 
of PBLG and PBLA. 

All polymers found be 
condensed type and their limiting areas to 
about 22A’. The surface compressibility at 
the region of rise of surface pressure was in 
the order: PBLA>CP(BLG, BLA)>PBLG. 
The surface moments of all these polymers 
were considerably higher than those of non- 
polar polypeptides. The surface moment of 
PBLA was 50mD higher than that of PBLG, 
and that of CP(BLG, BLA) a value 
intermediate between them. PBLG and CP(BLG, 
BLA) exhibited high viscosities at a 
very low surface pressure region, but, in spite 
of the condensed nature the monolayer, 
PBLA appreciable surface viscosity 
first region. The 
PBLA were 


of 
be 


these were to 


gave 
surface 


of 
showed 
a high 


viscosities 


at surface pressure 
surface of PBLG and 
higher at higher temperatures. 
From the data on surface pressure and sur- 
face moment, all polymers were con- 
sidered to have a configuration similar to the 
and possible con- 


these 


p-form in the spread state 


IKEDA and 


Toshizo IsEMURA [Vol. 34, No. 3 
figurations of side chains of PBLG and PBLA 
were deduced. It was found that the carbonyl 
group on the side chain of PBLG is far from 
the aqueous surface but that of PBLA in 
contact with the surface and scarcely distinguish- 
able from the carbonyl! group on the main chain. 
Accordingly, PBLG can take a stable configure- 
tion like the j3-form in monolayer, but the 
correspounding configuration of PBLA will te 
less stable owing to possible hydrogen bonding 
of the carbonyl group on the side chain with 
the imino group on the main chain and tle 
resulting enhanced hydrophility of the 
chain. This might be ascribed to the differences 
in surface compressibility and surface viscosity 
of PBLG and PBLA. 

The surface pressure behavior of the mixed 
monolayer of PBLG and PBLA was such as 
expected, but its behavior in surface 
potential and viscosity was very anomalous. 


iS 
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We wish to acknowledge to Professor J. 
Noguchi of Kanazawa University our indebted- 
for his kind guidance in preparing the 
polypeptides. 
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Monolayer Studies on Polyanhydro-t-glutamic and Polyanhydro- 
L-aspartic Acids 


By Shoichi IKEDA and Toshizo ISEMURA 


Received 


When is reduced 


remove 
poly-a-L-glutamic 


poly-y-benzyl-L-glutamate 
the benzyl group in an anhydrous 
obtained’. 
1s 


to 
acid 1S 


benzyl-L-aspartate 


State, 


However, even if poly-/- 
treated in the same way, no poly-a-L-aspartic 
acid but only polyanhydro-L-aspartic acid can 
Berger et al.’ has reported that 


acid prepared by this 


be obtained”. 
poly-a-L-aspartic is 


Waley and J. Watson, J. Che 
and M Chem 
ind E 80, 


G m. 
Blout 


Idelson 


W. E. Hanby, S 
, 1950, 3239; E.R 

78, 497 (1956): M 

1958) 

J. Noguchi, 7 


idelson, J. Am 


R. Blout, 


bid., 


Soe 


62? 


Saito and M. Asai, J he 
Se Nippon Kagaku Zassi 


” 


81 


Nu). 


16, 1513 
tm. Chem. Soc., 


Berger, J. Org. Chem., 


Katchalski, J 


Frankel and A. 
Berger and I 


108] 
mI | 


\ 


if 


Aug 


¢ 


1960) 


ist 15, 


but Noguchi et al.-? has suggested 
polymer obtained by Berger et al. 
a copolymer of L-aspartic acid with 
Furthermore, Asai et al.” has 
polyanhydro-L-glutamic acid can 
dehydrating poly-a-L-glutamic 
acid with acetic anhydride. Polyanhydro-.- 
glutamic acid may be identified with either 
poly-L-glutarimide (1) or poly-L-pyrrolidone-2- 
carboxylic acid (II), and polyanhydro-L-aspartic 
acid with either poly-L-succinimide (III) or 
poly-L-propiolactam-2-carboxylic acid (IV). 
Noguchi et al.’’’? has demonstrated from the 


method, 
that the 
would be 
its andydride. 
shown that 
be produced by 
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syntheses of appropriate polymers and_ the 
comparison of their infrared spectra that poly- 
anhydro-L-glutamic acid is poly-L-glutarimide 
itself and polyanhydro-L-aspartic acid is poly- 
L-succinimide. 

We have examined the monolayers of poly- 
anhydro-L-glutamic acid, poly-DL-pyrrolidone- 
2-carboxylic acid, polyanhydro-L-aspartic acid 
and poly-L-succinimide at air-water interfaces 
and attempted to obtain further information 
concerning the structure of the polyanhydro 
acids. Some of these polymers are interesting 
in themselves for monolayer studies, since they 
are composed of chains of rings directly con- 
nected with each other and expected to have 
highly rigid structures. 
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Experimental 


Polyanhydro-L-glutamic acid and _ poly-pL-pyr- 
rolidone-2-carboxylic acid were prepared by Pro- 
fessor Noguchi and his collaborators®. Polyanhyro- 
L-aspartic acid was prepared by reducing poly-j- 
benzyl-L-aspartate in glacial acetic acid with 
anhydrous hydrobromic acid. Poly-L-succinimide 
was also prepared by Professor Noguchi et al. 

Surface pressure, potential and viscosity were 
measured by the methods as described previously®’. 
Surface moment was calculated by the usual 
Helmholtz equation. Area was expressed in the 
unit of A® per residue, a residue being assumed to 
consist of an anhydro acid residue plus a water 
molecule. The spreading solvent was a mixture of 
dichloroacetic acid-benzene (1:1 v/v) throughout 
the present investigation. 


Results and Discussion 


Polyanhydro-.-glutamic Acid... Two kinds of 


polymers, 1. e., poly-L-glutarimide and poly-L- 
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pyrrolidone-2-carboxylic acid, are possibly 
assumed as polyanhydro-L-glutamic acid. The 
former has a structure composed of rings ex- 
clusively, each connected directly by a C-N 
linkage, and is expected to be rigidly folded. 
The latter has a structure similar to poly-L- 
proline but is different from poly-L-proline 
by the presence of a carbonyl group in the 
pyrrolidone ring and expected to be highly 
hydrophilic. Poly-pt-pyrrolidone-2-carboxylic 
acid did not spread on distilled water but 
gave stable films on aqueous salt solutions, as 


illustrated in Fig. 1. The films of poly-pL- 
15, 
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: 4 
= 
Y 
a a 
> QO 
& 10F = 
: : 
. 2 
= ‘2 
a i) 
Lf ’ 
= ° 
Be = 
- s 
3 ”n 
s& | 
& | 
+ 2) 





Area, A* per residue 


Fig. 1. Plots of surface pressure and sur- 

face moment of poly-pL-pyrrolidone-2- 
carboxylic acid against area (10°C). 
Aqueous subphases: potassium chloride 
solutions ; , 0.0IM; > & 0.1m; 


,@. Io. 


pyrrolidone-2-carboxylic acid are of condensed 
type, in contrast to the expanded nature of 
poly-L-proline film. The reason why the film 
is condensed is not clear, since an expanded 
nature of polypeptide monolayer is ascribed to 
the structure devoid of hydrogen bonding” 
and polypyrrolidone carboxylic acid can include 
no hydrogen bond as polyproline. 

On the other hand, polyanhydro-.-glutamic 
acid gave a stable monolayer of condensed type 
on distilled water, as shown in Fig. 2. This 
already indicates that polyanhydro-L-glutamic 
acid is not identical with poly-L-pyrrolidone- 
2-carboxylic acid but is  poly-L-glutarimide 
itself. The limiting areas from surface pres- 
sure and surface viscosity were equally 13 A’, 
which was smaller than those assigned to a 


5) S. Ikeda and T. Isemura, This Bulletin, 34, 416 (1961). 
6) T. Isemura and S. Ikeda, ibid., 32, 178 (1959) 
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per cm 
mv. 


dyn. 


Surface potential, 


Surface pressure, 


Area, A 


per residue 

Fig. 2. Monolayer of polyanhydro-t-gluta- 
mic acid on distilled water (10°C). 

, surface pressure ; [_|, surface potential : 

@. surface moment ; 4, surface viscosity 
The surface potential was 
also low and the surface moment was 
50mD. The low values of limiting area and 
surface moment also suggest that polyanhydro- 
L-glutamic acid might be poly-L-glutarimide, 
which can not be spread on aqueous surface as 
a monomolecular layer but has a folded contigu- 
ration in film, as expected from its structure 
consideration. 

The condensed nature of the 
poly-L-glutarimide may be attributed to the 
rigid structure of this polymer, i. e., to its 
low configurational entropy. On the contrary, 
poly-L-proline has a relatively loose configura- 
tion in film, since its film is of an expanded 
type. Thus the pyrrolidine rings would not 
influence the flexibility of polymer chain in 
film very profoundly. 

As referred to later, the monolayer of poly- 
anhydro-.-glutamic acid behaves very similarly 
to that of poly-L-succinimide; this also sup- 
ports the identity of polyanhydro-1-glutamic 
acid with poly-.t-glutarimide. All these are 
consistent with the results of Asai et al.*? and 
Bruckner et al.°? 

Since the ring of poly-t-glutarimide can be 
cleaved by dilute alkali®’’?, we have examined 
the monolayers of polyanhydro-.-glutamic acid 
on alkaline solutions of different pH’s. The 
results on surface pressure-area relations are 


6-configuration 


about 


7) C. W. N. Cumper and A. E£ 
Faraday Soc., 4, 235 (1950 

8) V. Bruckner, J. Kovacs and K. Medzihradszky, 
Naturwiss., 42, 96 (1955 

9) V. Bruckner, M. Szekerke and J. Kovacs, ibid., 42 
179 (1955). 
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Fig. 3 Variation of 


curves of 


surface pressure-area 
polyanhydro-L-glutamic acid 
with alkalinity of 
(10 -¢ 

, H:0; 
K.CO,; @. 
KOH. 


aqueous subphase 


, 0.01 m, , 9.1m: 
0.0IuM: 


, 0.2m 


A, 0.02_; 9. 0.05 m 


pH 
Fig. 4. Plots of area at 5 dyn. per cm. 
against pH. 
polyanhydro-._-glutamic acid: 
poly-L-succinimide ; polyanhydro-.- 


aspartic acid. 


dyn. per 
cm. are plotted against the pH in Fig. 4. It 
can be seen that the film occupies smaller 
area as the rise of pH at the region of pH 
higher than 10.5 and no film can be formed 
at pH 13. This indicates that poly-L-glutamic 
acid produced by the cleavage of ring of poly- 
anhydro-1i-glutamic acid does not cause any 
expansion of film. When polyanhydro-r-gluta- 
mic acid was spread from its alkaline solution, 
no film was obtained on distilled water and 
on 0.01N hydrochloric acid or on potas- 
chloride solution. This 

the poly-t-glutamic acid thus formed 
be composed of both a- and 7-linkages of 
peptide bonds, because poly-a-1-glutamic acid 


shown in Fig. 3 and the areas at 5 


even 
sium suggests that 


should 





March, 1961] 


can make films on the acid side’, but poly- 
y-L-glutamic acid forms no film on aqueous 
subphases of various compositions’. Although 
the cupric salt of the poly-t-glutamic acid is 
insoluble, the poly-t-glutamic acid spread 
from an alkaline solution gave no film on 
cupric sulfate solution. 

Polyanhydro-.-aspartic Acid.—We will proce- 
ed to examine the relation of polyanhydro-t- 
aspartic acid with poly-L-succinimide. The 
behavior of the monolayer of poly-L-succinimide 
on distilled water is shown in Fig. 5. The 
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Fig. 5. Monolayer of poly-L-succinimide 
on distilled water (17°C) 

, surface potential 
, surface viscosity 


surface pressure; 
@, surface moment ; 


monolayer was of a condensed type and the 
limiting area determined from both surface 
pressure and viscosity was about 11 A’, and 
the surface potential was low and the surface 
moment was 20 to 25mD. These low values 
may be attributed to the rigidly folded con- 
figuration of this polymer, which is maintained 
even in the spread Since poly-i-suc- 
cinimide can be converted into poly-L-aspartic 
acid by dilute alkaline solutions'*~'*’, as poly- 
t-glutarimide to poly-t-glutamic acid°’’’, we 
have examined the monolayer properties on 
alkaline solutions of different pH’s. The re- 
sults are shown in Figs.6 and 4. The cleavage 
of ring occurred at less alkaline pH for poly- 
L-succinimide than for poly-t-glutarimide; the 


State. 
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Fig. 6. Variation of surface pressure-area 
curves of poly-L-succinimide with alka- 
linity of aqueous subphase (17°C). 

H.O; , 0.0002 m: . 0.001 mM: 
0.003 mM; <, 0.005 K:CO 


film spreads less completely as the rise of pH 
at the region of pH higher than 9.0 and no 
film can be formed at pH I1. By the same 
procedures as for poly-1.-glutarimide, it was 
found that the poly-L-aspartic acid thus formed 
might include both a- and §$-linkages. This 
is in accord with the result of Kovacs et al. 
Polyanhydro-.-aspartic gave a_ stable 
monolayer on distilled water, as shown in 
Fig. 7. The spreading of this polymer was far 
less than that of poly-L-succinimide, and it 
could not be increased by the addition of salt 
into the Except for the 


acid 


aqueous subphase 


per em 
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Fig. 7. Monolayer of polyanhydro-L-aspartic 


surface 
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poorer spreading, however, polyanhydro-1- 
aspartic acid behaved very similarly to poly-.- 
succinimide in the monolayer state; e.g., no 
film was formed on an alkaline solution of 
pH Il, as shown in Fig. 4. Noguchi et al. 
has confirmed that polyanhydro-L-aspartic acid 
is just poly-L-succini:nide itself but never 
poly-L-propiolactam-2-carboxylic acid. Further 
they have referred to the Berger’s polyaspartic 
acid’? and concluded that it might be a co- 
polymer of L-succinimide and L-aspartic acid. 
Our polyanhydro-.L-aspartic acid might also be 
the same kind of copolymer since it occupies 
smaller area than poly-L-succinimide. 


Summary 


To examine the structures of polyanhydro-L- 
glutamic acid and polyanhydro-L-aspartic acid, 
we have studied their monolayer properties 
and compared them with those of poly-pL- 
pyrrolidone-2-carboxylic acid and _ poly-L- 
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succinimide. It was found that polyanhydro- 
t-glutamic acid is not identical with polypyr- 
rolidone carboxylic acid but with  poly-.- 
glutarimide, which has a rigidly folded configu- 
ration even in monolayer. This conclusion is 
in agreement with the results obtained by 
other methods. It was shown, however, 
that polyanhydro-t-aspartic acid can not be 
identified with poly-t-succinimide but it might 
be a copolymer of L-succinimide and L-aspartic 
acid. 


We are grateful to Professor J. Noguchi of 
Kanazawa University for the gift of the poly- 
mers as well as for his guidance in preparing 
polyanhydro-L-aspartic acid. 
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On the Orientational Order-Disorder Transition in Crystalline 
Aniline Hydrobromide 


By Hiroshi SuGa* 


(Received August 1, 


In the course of X-ray structural analyses” 
of aniline hydrobromide, Taguchi? has 
recently observed a phase transition from the 
orthorhombic to the monoclinic system, which 
occurs on cooling at about 27°C. He also 
found that the monoclinic angle §, between 
the a and c axes, is not constant below the 
critical temperature but varies continuously 
over a wide range of temperature as the tem- 
perature is lowered. 
crystal structures above and below the transi- 
tion temperature range were carried out by 
the same author. He found further anomalous 
spectra in oscillation and Weissenberg photo- 
graphs below the critical temperature associated 
with the appearance of a hybrid structure. The 
detailed knowledge concerning the crystal 
Department of Physics, Osaka 


Present address: 


University, Osaka. 

1) I. Nitta, T. Watanabe and I. Taguchi, 
(1948); to be published in this Bulletin 

2) I. Taguchi, This Bulletin 34, 392 ((1961). 


Y-rays, 5, 31 


The detailed analyses of 


1960) 


structures above and below the transition tem- 
perature range, the unusual variation of the 
monoclinic angle, and the appearance of a 
hybrid structure stimulated us to study the 
thermal properties of this compound to look 
into the mechanism of this peculiar phase 
transition. 


Experimental 


Material. — Aniline (extra pure grade manufac- 
tured by Wako Chem. Ind., Ltd.) was added to 
an excess of an aqueous solution of hydrobromic 
acid (Ist grade, the same company). The precipi- 
tated salt was washed with cold distilled water and 
then recrystallized from warm ethanol. The crude 
product thus obtained was slightly colored and 
found to have some lattice imperfection as revealed 
by X-ray photographs». In order to purify the 
product further, it was finally subjected to fractional 
sublimation under high vacuum (10-*mmHg). The 
final product obtained by this procedure is colorless 
Single crystals were also obtained by 
They are transparent and colorless 


powder. 
sublimation. 
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ind are found to be free from lattice imperfection ; 
m. p. 283°C. 

Apparatus and Procedure.--For the preliminary 
study to ascertain the occurrence of the phase transi- 
tion, a differential thermal analysis was carried out 
n the temperature from 150 to 300°C. 
The apparatus was the same in its main feature 
is the one used hitherto in this laboratory® except 
for attachment of an automatic recording of the 
emperature difference between the sample and the 
reference substance (in this case, KCI). The detailed 
description of the recorder was recently given*. 
fo determine the accurate transition temperature 

id to study the thermal behavior more in detail, 
measurements of heat capacity were also carried out 
1 the temperature range from -—80 to -60C by 
the use of the conduction calorimeter®. For the 
heat capacity measurements 4.4g. of the material 
vas used, the heating rate being 0.25~0.30-C/min. 
over the full temperature range. Further, the 
relative thermal expansion below and above the 
transition temperature as well as the hysteresis 
phenomenon associated with the phase transition 
were studied by employing a simple double-walled 
glass-made dilatometer filled with mercury as the 
confining liquid. About 29g. of the material was 
ised, and the heating and cooling rates were about 
0.2°C/min. 


range 


Results 


One of the typical curves of the differential 


thermal analysis is 
From this curve it 


reproduced in Fig. 1. 
found that there is 
a comparatively broad thermal anomaly over 
the temperature range from 50 ta +25°C, 
with sufficient reproducibility in the repeated 
measurements and also there is no detectable 
either in the heating or in the 
The data of heat capacity 


was 


hysteresis 
cooling direction. 


100 100; 


90 
g9__C.H, NH, HBr 


A ne Hydrobromide 
70 


60 
50 


40 





0 
or 100°C 200° 300°C 
Fig. 1. Automatic recording curve of the 
differential thermal analysis} for aniline 
! 


1drobromide. 


3) H. Chihara and S. Seki, ibid. 26, 88 (1953 I. Nitta, 

Seki and H. Chihara, J. Chem. Soc. Japan, Pure Chem. 

Nippon Kagaku Zasshi), 70, 387 (1949). 

4) H. Suga. H. Chihara and S. Seki; ibid., 82, 24 (1961). 

5 I. Nitta, S. Seki and M. Momotani, Proc. Japan Acad., 

26-9, 2 S. Seki, M. Momotani, K. Nakatsu and 
lr. Oshima, This Bulletin, 28, 411 (1955) 


5 1950) : 
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TABLE I. HEAT CAPACITY DATA OF ANILINE 


H Y DROBROMIDE 

C>»<cal. . C»(cal. 
1 ¢ 

mol. deg.) mol. deg.) 
8.62 6: 40.64 
84 S. 41.10 
24 41.80 
51 42.52 
93 43.16 
31 5 43.98 
9S 8. .69 

4? 5.72 


81 23.0 .60 
54 
4] 8.13 
03 


26 
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Fig. 2. Heat capacity versus temperature curve 
of aniline hydrobromide. 


in this temperature range are given in Table 
1 and they are plotted in Fig. 2. As this figure 
shows, the heat capacity starts to rise 
gradually at about — 70°C, reaches a maximum 
value at 22°C (critical temperature), and then 
drops down abruptly by as much as 9cal./ 
The general trend of the heat capa- 
temperature curve reminds us of 
that of the order-disorder 
binary alloy 
enthalpy and entropy 


excess 


mol. deg. 
city versus 
the similarity to 
phase transition of 
Table II 


systems’?. 
gives of the 


Moser, Physik. Z., 37, 737 (1936); F. W 
4167, 440 (1937). 


6) H Jones and 


C. Sykes, Proc. Roy. Soc., 
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TABLE II. 
AND DIFFERENCE OF HEAT CAPACITIES AT T, 
297 +10 cal./mol. 
1.10+-0.05 e. u. 
~9 cal. 


HEAT AND ENTROPY OF TRANSITION 


JH (transition) 
4S (transition) 
AC» (at Te) mol. deg. 
transition and the difference of heat capacities 
at the critical temperature. To evaluate the 
enthalpy of transition, the excess heat capacities 
over the dotted line given in the figure are 
integrated graphically. Here the dotted line is 
drawn as the normal contribution of the lattice 
vibration to the heat capacity. By dividing 
the abnormal part into many sections of tem- 
perature intervals, the entropy of transition 
was evaluated by summing up the quotients 
obtained by dividing each area of these sections 
with the corresponding mean absolute tempera- 
ture. The entropy of transition thus ob- 
tained, 1.10 e.u. is comparable in magnitude 
with those of NH;Cl and ND,Cl°? at their 
lambda point, 1.30~1.40e.u. As is evident 
from Fig. 2, the heat curve is of 
typical lambda type and there is no indication 
of the latent heat at the critical temperature, 
showing that this transition is of higher order 
nature. 


capacity 
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Fig 3. Volume versus temperature curve of 
aniline hydrobromide. 


heating direction @ cooling direction 


7) C. C. Stephenson, R. W. Blue and J. W. Stout, J 
Chem. Phys., 20, 1046 (1952). 
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> Temperature, ~C 


Anomalous thermal contraction 
of aniline hydrobromide. 


Fig. 3a 


Dilatometric studies revealed also the exi- 
stence of abnormal expansion over the same 
transition range, as shown in Fig. 3. In this 
figure one can see that all the observed points 
in the heating and cooling directions can be 
represented by one and the same curve, show- 
ing again no hysteresis phenomenon. The 
dotted line in this figure means the thermal 
contraction extrapolated from the curve above 
the critical temperature by the use of the 
method of least squares. Fig. 3a gives the ex- 
cess contraction JV below the dotted line 
and Fig. 4 the “abnormal ” expansion coefficient 
calculated by (1/V,)d(4V)/d7T, where V, is 
the molar volume of the crystal at the critical 
temperature. Although the expansion coefficient 
changes discontinuously at the critical point, 
the volume itself changes continuously over 
the whole range of measurements. These facts 


0 
rs 
Fig. 4. Abnormal expansion coefficient of 
aniline hydrobromide. 
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also reasonably support the proposition that the 
transition is of higher order nature. The fact 
of non-existence of hysteresis phenomenon in 
the higher order phase transition was interpreted 
by Staveley et al. from the point of view of 
lattice strain energy accompanying the phase 
transition. 


Discussion 


Prior to the discussion of the plausible mecha- 
nism of this phase transition, it is necessary 
to give a brief account of the crystal struc- 
ture’? above and below the critical tempera- 
ture. The high temperature phase belongs to 
the orthorhombic system (D!?—Pnaa). In this 
structure, it is required from the crystal sym- 
metry that both the principal axis of anilinium 
ion (N-C,;::-C, axis) and the Br~ ion are 
found to lie on two different two-fold sym- 
metry axes along the a axis. Although the 
positions of hydrogen atoms attached to the 
nitrogen atom are not yet determined, -NH;* 
ionic group is surrounded by four Br~ ions, 
of which two are slightly more distant than 
the other two. On cooling the crystal through 
the critical temperature, it is transformed into 
the monoclinic system (C3, —P2;/a); the mono- 
clinic angle deviates gradually from 90° and 
91-22’ asymptotically in a manner 
shown in Fig. 8, where the unit of the ordi- 
nate is twice the quantity J3(—8—90°), for 
convenience. In the structure of the low tem- 
perature modification, the requirement of two- 
fold symmetry imposed to the C-N axis is lost. 
In this phase, in response to the variation of 
8, the positions of Br~ ions and -NH3;* ionic 
groups are displaced with respect to each 
other, with the following sequence that the 
interionic distances between Br~ ions and an 
NH;* ionic group become different from 
each other, and also that the pseudo electric 
dipole moments due to the displacements of 
the two kinds of ions in the neighboring ionic 
array along the a axis may be found to be anti- 
parallel with each other in a similar manner 
as in the anti-ferroelectric crystal which was 
proposed originally by Kittel. 

Considering the crystal structures as well as 
the thermal behaviors above and below the 
Critical temperature described above it is 
Suggested that a mechanism of orientational 
order-disorder of the -NH;* group as an 
interpretation of this phase transition be given, 
based on the reason given below. In the first 
place, it will be natural to assume the pyra- 
midal configuration (C;,) of the ~-NH3* ionic 


8) D. G. Thomas and L. A. K. Staveley, J. Chem. Soc., 
1951, 2572. 
9) C. Kittel, Phys. Rev., 82, 729 (1951). 


reaches 
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group. In the high temperature phase, since 
the C-N axis should lie on the two-fold sym- 
metry axis, the potential energy of -NH;* 
group associated with the rotational motion of 
this group will also have the same two-fold 
axial symmetry around this axis. Therefore, 
one has to consider necessarily some statistical 
randomness for the azimuthal orientation of 
NH;* group with respect to the C-N bond so 
far as One puts an ~-NH;* group having three- 
fold symmetry on the axis of two-fold sym- 
metry. On the other hand, in the low tem- 
perature phase such a requirement of two-fold 
symmetry is lost owing to the different crystal 
symmetry. Taking into account the possible 
formation of the N-H---Br weak hydrogen 
bond, possible orientations of the -NH;* group 
with respect to the hydrogen atoms may be 
expected to be such as are represented in Fig. 5. 


Fig. 5. Possible orientations of -NH 
(a- and b-types). 


group 


It is obvious from the symmetry consideration 
that these a- and b-type orientations are equally 


probable in the orthorhombic phase, whereas 
in the monoclinic phase one of these two types 
would be stabilized. We shall call this the 
a-type for convenience. Then, the requirement 
of two-fold axial symmetry in the high tem- 
perature phase will be satisfied if we distribute 
the -NH;* groups between these two equili- 
brium orientations (a- and b-types), statistically 
in space and time. Thus, we may call tenta- 
tively this transition the “ orientational order- 
disorder” type in the sense that an equal number 
of the a- and b-type orientations of ~NH;3* 
groups can exist above the critical temperature 
whereas the number of the a-type orientation 
is predominant below the critical temperature. 
A simplified hindering potential energy curve 
for such a rotational motion of the -NH;* 
group in the lattice may be_ represented 
schematically as in Fig. 6. This potential 
energy curve has 60° periodicity in the high 
temperature phase, while that corresponding to 
the low temperature phase will have 120 
periodicity. As is shown in the figure, the 
degree of increase or decrease in depth of 
potential minima is assumed to be a linear 
function of 48. Since the extent of displace- 
ment of the atomic position is assumed to be 
proportional to the variation of macroscopic 
quantity 8 in a first approximation, some of 
the physical properties of the present crystal 
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» Potential energy 


Angle 
Fig. 6. Schematic representation of hindering 
potential for the rotational motion of -NH 
group. 


associated with the variation of § may be con- 
sidered to 
variation of §. 


change proportionally with the 
As a matter of fact, Horie et 
al." have recently given an example of the 
temperature dependence of the angle between 
optic elasticity axes, 7, in adjacent domains in 
the hybrid structure of aniline hydrobromide 
in the vicinity of the critical temperature (Fig. 


2-4B, 


degree 

Fig. 7. Linear relationship between the tem- 
perature variation of 43 and of the angle ; 
between the two optic elasticity axes in ad- 

jacent domains (after Horie et al.'). 


10) T. Horie. T. Iwai and I. Taguchi, Annual Meeting 
of Phys. Soc. Japan, 1956,: To be published in near 
future. The author would like to-express his appreciation 
for their permission to refer to their result before its 
publication 
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7); one can see here a fairly linear relation- 
ship between the temperature variation of J; 
and 7. 

Now, let us calculate the temperature depend- 
ence of 4; on the basis of the proposed model 
in order to compare the result with the experi- 
mental value reported by the X-ray method 
We define the degree of order s as follows; 
let it be assumed that in a state specified by 
a set of values (7, s), N(1+s)/2 -NH 
groups in the a-type orientation and N(1—s) /2 
in the b-type are distributed over the whole 
N lattice points. The order parameter s thus 
defined has the same character as the one 
proposed for the theory of order-disorder phase 
transition of binary alloy’. That is, when s= 1 
all the -NH;* groups are in the a-type orien- 
tation ; this corresponds to the state of perfect 
order. When s-—-0O there are as many a-type 
groups as b-type groups; the state of complete 
disorder. It is somewhat difficult to calculate 
the hindering potential energy for. rotational 
motion of the NH,” group in the crystalline 
field owing to an ambiguity in the estima- 
tion of effective charge distribution of the 

NH;* group, the unknown N H distance and 
also the complexity of the crystal structure, 
so that we shall confine our calculation at the 
present stage only to the differences in the 
energy and entropy between the two phases. 
The notation J used in the following calcula- 
tion stands for the thermo- 
dynamic quantities of the ordered state over 
that of the completely disordered state extra- 
polated above the transition point. The dif- 
ference in the internal energy JU will consist 
of two parts in its origins; one is the contri- 
bution from the variation of the arrangements 
of ions and ionic groups and the other is that 
from the change of orientations of ~NH 
ionic groups when the ordered state changes 
to the disordered state. The first part of energy 
difference, JU;, may be expressed formally 
by a power series in J; of which all the odd 
terms are omitted by the requirement that JU 
should be an even function of 4,5, because the 
gradual change of either direction from the 
orthorhombic to the monoclinic crystal system 
should produce the same energy change. For 
example, the electro-static part of JU;, which 
is the mutual interaction energy between the 
pseudo electric dipole moments produced by 
the displacements of ions and groups, 


excess of any 


ionic 
is expressed by 


3cos(#, + 0;) + cos(@, @;) 


11) W. L. Bragg and E. L. Williams, Proc. R S06 
Al45, 699 (1934); AISI, 540 (1935 F.C. Nix and W 
Shockley. Rev. Mod. Phys., 1, 1 (1938) 





March, 1961] 


where /:, #;, 0:, 6; and ri; have the usual 
meanings. Since “; and #4; may be reasonably 
considered to be proportional to J, the term 
may be rewritten by J(J4§)*, where J is a 
constant. If the higher terms in J can be 
neglected, then J4U,=A(J4§)*, where A is 
another constant. The second part of energy 
difference JU., which is due to the change of 
potential energy at an -NH:;* group caused 
by the variation of the degree of order s, may be 


l+s i ” l-s é 

expressed by n( - 48). - n( = 48) 

In this case it has been assumed that the 

change in the depth of potential minima is 

proportional to the change in 48 with a constant 
of proportionality ¢)/2 (see Fig. 6). Thus, 

4U=4U,+ 4U 
E=Név. 


A(4§) 


sE4Mf/2 (1) 
where 
difference 
possible 
s)/2 b- 
groups over the 


On the other hand, the entropy 
JIS is given approximately by the 
number of N(1+5)/2 a-type and N(1 
type arrangements of -NH 
N whole lattice points. 


JIS—k1n Rin2 


Here, the additional term AR1n2 appears since 
the completely disordered state was taken as 
the reference. Accordingly, the difference of 
Helmholtz free energy JF between the two 
phases is given by 


AF=4U—-TAS=A(48)*?—sE48/2 


-RT ~<* In = — In 


2 2 2 2 
In 2 (3) 


By the equilibrium conditions, we can obtain 
the following set of equations. From 0(JF) 
0(48)=0 (since there is no external shear 
stress), it follows 
A$ = Es/(4A) (4) 
4U E*s*/(16A) (4’) 


Eq. 4’ shows that the present treatment cor- 
responds formally to the  Bragg-Williams 
approximation. From 6(4F)/ds=0, we have 


s—tanh E’s/(8RAT ) (5) 
T. = E?/(8RA) (6) 


where 7. is the critical temperature, above 
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which s becomes zero. Inserting the value of 
s derived from 5 into 2, we get a calculated 
total entropy change 0.83 e.u. (—70~ + 35-C) 
in comparison with the observed value 1.10 e. u. 
In this case, the additional entropy increment 
due to the increase of the available volume 
of ion, which may be reasonably given by 
Rin(V+4V)_V, is quite negligible in magni- 
tude, less than 0.01 e.u., in the same tempera- 
ture interval. Combination of Eqs. 5 and 6 with 
Eq. 4 gives the temperature dependence of J 
including the numerical factor E/ (4A), which 
can be determined, for example, by fitting the 
calculated value with the observed value of Jf 
at a single temperature, say —40°C. The tem- 
perature dependence of 43 obtained in this way 
is given by the dotted line in Fig. 8. Although 
qualitative agreement is obtained, the details are 


r 

> a he 

Fig. 8. Comparison of 

Variation of 45 
Observed by Taguchi 

Theoretical curve ignoring volume 


observed temperature 


with the theoretical one. 


effect. 
Theoretical curve including volume 


effect 


not fully explained especially in the following 
points ; one is that the degree of covergence of 
this curve to the critical point is not so steep 
as that of the experimental curve, and another 
point is that the calculated J,5 should increase 
to 1.37 times as large a value as that at —40°C 
if the curve is extrapolated to 0°K, while the 
corresponding value obtained by experiment 
is only 1.12 

As already mentioned, an anomalous thermal! 
expansion in the vicinity of the critical point 
appears (see Fig. 3). According to the results 
by Eisenschitz'?, Sato’? and Nagamiya'*?’, the 
temperature dependence of the order parameter 
is appreciably affected by taking into account 
the anomalous thermal expansion accompanied 


12 R. Eisenschitz, Proc. Roy. Soc., A168. 546 (1938 
13) Y. Sato, J. Phys. Soc. Japan, 2-1, 17 (1947 

14) T. Nagamiya, “‘ Kotai-ron (Solid State Physics)”’, 
Ky6ritsu, Tokyo (1951), p. 20 
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with the order-disorder phase transition in the 
case of binary alloy systems. We have then 
attempted to examine the volume 
change in the present case as the next stage 
of refinement. After Sato’s treatment, we can 
get the following expression for the abnormal 
expansion coefficient 
Ja-a(s)—al(0) 
tk RT. 


effect of 


nods’/dT- E,d(E/E,)/dV 
d7T-d(E/E,)/dV (7) 


2-ds 


Here, «, is isothermal compressibility of the 
disordered phase; V the molar volume; E and 
E, the ordering energy at T~K and 0°K, respec- 
tively. Then, the abnormal expansion over V -, 
the molar volume at 0°K, is given by 


T 5 
v fv JadT [ovrcas 
0 i 
(8) 


where the following abbreviations were used 
d(E/E,)/dV=B, BRT.=C 


By using the observed Vyjax value 0.41 cc./mol. 
and V,=110cc.*, C becomes —3.76x 10~-%. 

Based on these expressions the following 
thermodynamic functions are derived as func- 
tions of s, v and T. 


U(s, v, T)=£,—Es*=E 
G(s, v, T)=E,{1-(1 
+ RT/2{(1 


2 In 2} 


cy" 


i—(1 
Bv)s°} 
s)In(l+s)+(1 


Bv)s*} (9) 


s) In(1l—s) 
(10) 


Here, G is the Gibbs free energy**. From 
0G/ds=0 and 0°G,/ds*=0, we have 
s=tanh 2E)s{ (1+ Bv) + BCVs*}/RT 


RT./E,)=2(1+ Bumaz) 


(11) 
(12) 


The differentiation of U(s, v, T) with T gives 
an expression for excess heat capacity over that 


arising from lattice vibration. The maximum 
value is obtained from the limitation of s—0. 


Cmax = lim (0U/ds)/(0T/ds) 


cs) 


-3R 2{1 (6BCV,) (1 BUmax) } 


(13) 


On the assumption that the Cmax value thus 
defined is identical with the experimentally ob- 
served JC,, the following set of values 
can be obtained: B Zan x cc!” co= 
1.25x10-°atm~'. By using these numerical 
values and the observed volume change, the 
refined 48—T curve is calculated and drawn 
by the full line in Fig. 8, where a fairly satis- 


* 


This value was taken from dos 
tric measurement of Taguchi et al." 

** The G function expressed here does not correspond 
exactly to the Gibbs free energy, since the PV term was 
neglected. 


1.58, by the picnome- 
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factory agreement between this curve and the 
observed points is seen. It is to be noted that 
the calculated total entropy change 1.06e. u. 
(from —70 to +35°C) is in good agreement 
with the observed one 1.10e.u., if the same 
numerical values for parameters are used. The 
value of «) obtained above seems to be some- 
what smaller for this kind of crystal including 
organic complex ion, since the compressibility 
is in the range of (2~7) x 10~° atm! for usual 
ionic crystals. Although the model proposed 
here is merely a possible one, it may be said 
that rather satisfactory results were obtained. 

A preliminary study of proton magnetic 
resonance absorption of the powdered specimen 
of this crystal was recently made by 
Yamagata* over the temperature range between 

190 and + 40°C and there was no detectable 
change in the line width at the critical point. 
The observed second moment 8.35 Gauss 
almost coincides with 7.82 Gauss’ of the cal- 
culated value obtained by assuming the isolated 
NH;* group (the value 1.032A for N-H dis- 
tance and tetrahedral angle were assumed) 
with rotational flipping motion about the C 
N axis. The situations are very similar in 
the cases of ammonium halides’. 


Summary 


Measurements of the heat capacity (—80~ 

60°C) and the thermal expansion (—40~ 

60°C) of aniline hydrobromide were carried 
out covering the transition temperature which 
has been observed recently by X-ray methods. 
The observed heat capacity versus temperature 
curve was of the A-shape, similar to that of 
the order-disorder phase transition of binary 
alloy systems. The following results were 
obtained; 7. (the temperature corresponding to 
the heat capacity peak) 22°C, JH (heat of 
transition, —70~+35°C) 297+10cal./mol., JS 
(entropy of transition, the same temperature 
interval) 1.10+0.05e.u., JC, (drop of heat 
capacity at T7.)~9cal./mol.deg. Also. the 
anomalous behavior of thermal expansion was 
observed in the vicinity of the critical tempera- 
ture. These observations showed that the 
transition was of higher order nature. 

Based on the lits of knowledge of the crystal 
Structures above and below the critical tem- 
perature, the author has discussed the main 
feature of the phase transition from the sand- 
point of the orientational order-disorder of the 
NH;* ionic group and obtained fairly satis- 
factory results. 


Private communication. 
15) H. S. Gutowsky, G. E. Pake and R. Bersohn, J. 
Chem. Phys., 22, 643 (1954); R. Bersohn and H. S. 
Gutowsky, ibid., 22, 651 (1954). 
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In the preceding paper of this series’, the 
extinction of light by the system of colored 
small spheres were theoretically calculated. As 
a result, it was concluded that the scattering 
of light by colored spheres is affected by the 
absorption of light, the latter being expressed 
by the imaginary part of the refractive index 
of the dispersed phase. In the present paper, 
the calculation will be extended to the apparent 
refractive index of the system. The result 
thus obtained will be applied to the system of 
infinitesimally small particles, and will be used 


to discuss the optical properties of a dyestuff 


solution as an example. 


Theoretical Calculations 


Principle of the Calculation. — The relation 
between the refractive index of a colloidal 
system or a solution, /4:2, and the refractive 
indices and compositions of the components is 
usually given by the following equation called 
a mixture rule, 

fi2= L191 
where #; and /2 are the refractive indices of 
the solvent and dispersed phases, respectively, 
and ¢, and ¢ are the volume fractions of the 
respective phases. If the concentration of the 
dispersed phase, c, is given in mol./l. unit, Eq. 
1 may be rewritten as, 
fy fic (M, 1000 02) (f2 


the molecular 


+ [LoDo (1) 


fide (2) 


where M_ is weight of the 
Present address: Faculty of Pharmacy, Kyoto Univ- 
ersity, Sakyo-ku, Kyoto. 
1) M. Nakagaki, This Bulletin, 31, 980 (1958). 
2) M. Nakagaki and W. Heller, J. Appl. Phys., 27, 975 
(1956). 


material of the dispersed phase and p, is the 
specific gravity of the same phase. The linear 
relationship between /;. and c as predicted by 
Eq. 2 has been verified experimentally by many 
investigators, but the value of / is not equal” 
to’ the refractive index in bulk of the dispersed 
phase, #2 (bulk). Therefore the value of s2 
obtained experimentally on the basis of Eq. 2 
is an apparent refractive index of the dispersed 
phase. If the apparent relative refractive index 
m' defined by 
m! = fto/ fey (3) 
is used, the inclination of the straight line to 
give the variation of /4;. with the concentration 
c is expressed as 
(Mz;/1000 9.) (m' — 1) (4) 
This equation is to be used to determine the 
value of m' experimentally. 
On the other hand, (m’ 
retically by the equation”, 
(3/2)R [j1(180)] /a?® 
where a@ is a parameter defined by 


a=2za/a (6) 


4 “ 
Of12/0C 


1) is given theo- 


m'—1 


Here, a is the radius of the sphere and 2 is 
the wave length of light in the medium. The 
sign R in Eq. 5S means the real part of a 
complex function js (180), the latter being 


ae ae (= aA 

m?+2% ary 

(m' + 27m? + 38) 
15(2m? + 3) 


; =( m 
I . 
3\m 


j1(180) 


a 
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as already given in the previous paper’, where 
m is acomplex quantity in the case of colored 
particles: 

m— (.* (bulk) /f4; — am) —ik (8) 


where /¢* means the complex refractive index. 


Apparent Refractive Index as a Function of 
Particle Size.- If ky <m,, the theoretical equa- 
tion may be expanded in a power series, 

m!' 1 = M, —~ Mok. + Msk vee (9) 
where 
M, = (3/2) (X 
M, = (3/2) Z20a 
M; = (3/2) (X 


m | 


> 


m 


l [= | (m 
15 2 ) ( 


m 


27m 
2m 


m l 
8m = 
(m 2) 


3(3m 2) 


(m 2) 


66m 1104m 
105525m 


37824m 


2)°(2m 3) 


5033m 
218152m 
16176 


(4m 
\ + 12966m 
182376m 


{ 
15(m 


The results of the numerical computation are 
shown in Fig. 1. Crosses in the figure are 
the values for colorless particles calculated on 
the basis of the Mie theory without any 
approximation The agreements between 
these Mie values and the values obtained from 
Eqs. 9, 10 and 11 and shown with open circles 
for colorless particles are very good, although 
a small discrepancy can be 
where both a and m), are large (a~-0.8, m 
1.3). When ko(which shows the absorption of 
light) is small, the apparent relative refractive 
index m’ increases with a (or particle size), 
but when ky is large, the value of m' decreases 
(after passing a flat maximum when m, is 
large) with the increase of a. 

Optical Properties of Infinitesimally Small 
Particles. The equation used in the preceding 
paper as well as in the preceding paragraphs 
of this paper are for small values of k.. In 
the present paragraph, equations for infinitesi- 
mally small particles (a-»*0) are examined 
without any restriction on k The equations 
are 


seen in the case 


(m 


(12 
(m k 
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g . relation for k,—0 (O); 0.1 
(_); 0.2 (W); 0.3 (_)); 0.4 (@). Mie’s 


values are shown with ( 


Fig. 1. m'—a 


122,k 
(m k 2)*—8k 


(43)k 


(13) 
x (bulk) 


where x iS a quantity 
extinction coefficient « 
in the preceding paper 

The numerical values of m’ as a function of 
k. were calculated for various values of m 
from 0.88 to 1.24 with the interval of 0.02. A 
part of the results is shown in Fig. 2. Although 
the apparent relative refractive index m' and 
the relative refractive index in bulk 92. are 
parallel when k, is small, the sequence is 
inverted when &, is larger than about 1.4. 
The smaller m2’ the larger is the #2. More 
over, the value of m’ approaches 2.5 when k 
becomes infinitely large. These results shown 
in Fig. 2 have not been expected by any 
previous investigator. 

The numerical values of x as a 


proportional to the 
as already introduced 


function of 
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Fig. 2. m'—k 


/ Sa 


Fig. 3. x—k, relation calculated theoretically 
ky were calculated for various values of 7 
from 0.88 to 1.24 with the interval of 0.02. A 
part of the results is shown in Fig. 3. The curves 
have the maximum at the k, value of about 
1.5. The apparent extinction coefficient or x 
decreases for the larger value of ky» and ap- 
proaches zero when k, becomes infinitely large. 
These results, too, have not been expected 
by any previous investigator”. 


An Example for the Treatment of 
Experimental Data 


Materials.—It is generally believed that acid 
dyes dissolve in water monomolecularly, show- 
ing a small tendency to form micelles in con- 
tradistinction to direct cotton dyes which form 
micelles when the temperature is not high. 
Therefore, an acid dye solution is used as a 
model of the system of colored infinitesimally 
small particles. 

The acid dye used in this experiment was 
Acid Orange R (C.1. 15575, Acid Orange 8) 
purified by the sodium acetate-alcohol method. 
The purity determined by titanium trichloride 
titration was 96.32%. 


3) In Figs. 2 and 3, theoretically calculated points were 


connected with straight lines for the convenience of the 
drawings. The actual theoretical curves should, of course, 
be curved smoothly 
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Determination of Refractive Index.—The dif- 
ference of the refractive index between the 
solution and the solvent was measured by using 








a differential refractometer of modified Brice 
type as shown in Fig. 4. Light from a 
wT) mai 
Wa | BFA [iV <~ 
AA A sg 
AY 4 ot, } ~ 
VY 
Fig. 4. Schematic diagram of differential 


refractometer of modified Brice type. 


tungsten lamp A _ was collimated with lenses 
L,; and L» (fi=6cm., f. -6cm.), filtered with 
a gelatine filter F, made parallel with a lens 
L; (f;=3cm.) and projected to a slit S. The 
image of the slit focused by a lens L, (f; 
15cm. lens for a slide projector was used) 
was observed with a microscope M of the 
magnification of 40 times (410). The location 
of the image of the slit was shifted when a 
solution was put in the prism cell containing 
solvent outside the prism in the cell. The 
shift of the image of the slit was measured by 
a micrometer in the eyepiece of the microscope 
M. The reading @ is proportional to the 
difference of the refractive index, 


wt yt K@ (14) 


The proportionality constant K was determined 
to be K =4.15 10~° by using potassium chloride 
solution as a standard, the refractive index of 
the latter being cited in the literature’. The 
value of /; is also given in the literature 

In order to convert the experimental values 


of (0/;./dc) to m' according to Eq. 4, the 
value of the density of dye, o., should be 
known. The density was assumed to be 1.5 


by Robinson’? and to be 1.0 by Atherton et 
al. Since the accurate value of the density 
for the dispersed state can not be known, 
calculations were made here for both these 
density values. The results are shown in Fig. 
6 with broken lines. A_ typical anomalous 
dispersion was observed as already reported 
for some other dye solutions In Fig. 6 and 
also Fig. 7, 4 is wavelength in vacuum. 
Determination of Extinction Coefficient. The 
extinction coefficient was determined by 
Shimazu spectrophotometer QR~50. The results 
were recalculated to x by Eq. 13 for p.=1.0 


and p,=1.5. The results are shown in Fig. 7 
with broken lines. 

4 International Critical Tables", VII. 13, 75 (1930) 

5 International Critical Tables’, VII, 13 (1930 

6) ¢€ Robinson, Trans. Faraday Soc.. 31, 245 (1935 

7 E. Atherton and E. Cowill, J. Sac Dyers Colorists 


70. 116 (1954) 
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Calculation of m, and k,).— The quantities 
obtainable by experiments are m’ and x, but 
the fundamental quantities of theoretical 
interest are #2, and k). To determine #2) and 
k, from m2’ and x, a graphical method is shown 
in Fig. 5. The m'—x relation calculated 
theoretically for systematically varied 
of parameters #2) and k, make a network. A 


values 


\ 


Fig. 5. -m'—x relation. Network shown 
with ) is theoretical. Experimental 
data for 0,-1.0 ) and for 9.1.5 ) 


are also ploted. 


zy, mye 


Fig. 6. Dependencies of my) and m' on Apo. 


Ay, Met 


Fig. Dependencies of x(bulk) and x on 


34, No. 3 


pair of experimental values of m’ and x give 
one plot on this chart. Then, the values of 
my and ky corresponding to this plot can be 
read off by interpolation. The values of im 
thus obtained are shown in Fig. 6 with solid 
lines, and the values of x(bulk) calculated by 
Eq. 13 from the values of k,) thus obtained 
are shown in Fig. 7 with solid lines. 

The discrepancies between solid curves and 
broken curves in Fig. 6 and Fig. 7 show the 
error committed if one assume that the experi- 
mental m' and x values are equal to m7 and 
x(bulk)—the latter is equal to (4/3)ko—of the 
dispersed phase in bulk. The errors in this 
sense are given in Table I for the present 
solutions. The table shows that the error in 
mu’ is less than 2.6% at the greatest, but the 
error in x reaches as far as 21% at the greatest. 

TABLE I. ERRORS COMMITTED BY IGNORING 
THE PRESENT THEORY 


P2 
jIm 
0.43 
0.24 
0.08 
20. 0.96 
19. 1.10 


9.3 1.05 
17.7 0.91 


0. 
e. 
Bi 
2. 
2. 


Summary 


values of apparent relative 
colored particles was 
particle size for 


The theoretical 
refractive index m’ of 
calculated as a function of 
various values of #2) and kp. 

The theoretical values of m!' as well as x 
were calculated for infinitesimally small parti- 
cles. It was shown that wm’ increases and, after 
passing a maximum point, approaches a limit- 
ing value of 2.5 with the increase of ko, and 
that x approaches zero, after passing a makxi- 
mum, with the increase of kp». 

The values of m’ and x of Acid Orange R 
solutions were measured by a modified Brice 
type differential refractometer and by a spectro- 
photometer. A method to convert m’ and x 
values into my) and ky values was illustrated. 
The errors committed by assuming experimental 
m' and x values as mt) and (4/3)ko values of 
bulk phase are estimated for the dye solution. 
The error of x reached 21%, while the error 
of m' was not larger than 2.6%. 


Faculty of the Science of Living 
Osaka City University 
Nishi-ku, Osaka 
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A Diffusion Mechanism 


for Liesegang Rings*. I. 


A Diffusion Mechanism for Liesegang Rings. I 


Spacing Law 


By Prem Behari MATHUR** 


(Received August 18, 1960 


Jablezynski’s 
Liesegang rings 


equation for spacings between 


Xx, =ek* (1) 


where x, is the distance of nth ring from the 
diffusion level, and a and &k are constants, 
may be written as 


(2) 


or Xn—Xn-1) =kx, (3) 


From statistical consideration, Eq. 3 is more 
sensitive form of Jablczynski’s relation 1. Ac- 
cording to the Eq. 3 the plot of (x,—x,-1) 
against x, should be straight line curves passing 
through the origin. In practice the curves are 
not found to nass through the origin when 
the distances of the rings are measured from 
diffusion level for which Eq. 1 stands. The 
author has advanced a theory and deduced 
from Fick’s diffusion law a few general expres- 
sions for the Liesegang phenomenon. The 
theory reflects light on the mechanism of ring 
formation, fine structure, influence of various 
environmental conditions, etc. 
Fick’s diffusion equation 

0c 

ot 
may have a solution 

c=ae~** cos(ot + Sx +y) (5) 


given by Riemann” for similar type of dif- 
ferential equations. Such a solution would be 
possible under conditions analogous to those 
Operating in the propagation of sound in air, 
discharge of a current through a condenser and 
a resistance, where the motion of the matter 
is met by an opposing force. 

In the phenomenon of Liesegang rings the 
two electrolytes meet and get precipitated and 
thus forms a new phase at the boundary of the 


* This work is the part of author’s Ph.D thesis sub- 
mitted to the University of Allahabad (1956 
Present address: Senior Scientific Officer, Central 

Electrochemical Research Institute, Karaikudi-3, India 

1) K. Jablezynski, Bull. soc. chim., France (4), 33, 1592 
(1923). 

2) Riemann, “ Particlle Differentialgleichungen”’, Edit 
Hattendorff (1938), p. 110.; P. B. Mathur, Bull. Acad. Polona 
Sci., 8, 8, 429 (1960). 


diffusing salt and the medium. By virtue of 
the electrical forces at its surface and the fine 
nature of the particles distributed there, the 
boundary phase or say ‘membrane’ will have 
the tendency in certain cases to oppose the 
diffusion of salt and so to develop a situation 
where diffusion may be governed by Eq. 6. 

The concentration distribution at a_parti- 
cular instant f; may be given by 


c=ae™~** cos(Sx-+-¢) (6) 


where © is another constant equal to (wf;+y). 

During the process of Liesegang ring forma- 
tion of say silver chromate rings, the diffusion 
wave front of silver ions moves forward and 
gives rings one after another. The latter 
changes in concentration at the preceeding 
levels when one of the precipitating ions is 
completely removed cannot influence a ring 
position. By determining the values of arbitrary 
constants a and © in Eq. 6 from the known 
boundary conditions of reacting ions the equa- 
tions for their concentration distribution can 
be obtained. 

For silver ions, when x=0, C->+ maximum. 
In Eq. 6 C will be maximum, when cos(jx + @) 
is unity or (Sx+¢)=0. Since x=0, © must 
be zero to satisfy the above condition. Hence 


c=—ae~** cos( $x) (7) 


Now, the limiting maximum value of C at x=0 
is the same as the initial bulk concentration 
C. of silver ions; substituting this value into 
above equation we have a=Cy. Eq. 7 reduces 
to 


c=C, e~ ** cos( fx) (8) 


Relation 8 geometrically represents a simple 
curve whose amplitude C,e~* 
diminishes exponentially to zero with increas- 
As the chromate ions diffuse in 
the upward direction their distribution may 
be represented by the equation 


i ee C:e* 


harmonic 


ing distance. 


sin(5'x) cos(f'x) (9) 


where damping coefficient a’ has a positive 
sign. The constants C, and C, in the above 
equation can be determined from boundary 
conditions of chromate ions. 

In a thin region of the precipitate the 
concentration of chromate ions may be taken 
to be equal to zero because the traces of ions 
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left there after precipitation get absorbed by 


the precipitates rendering practically a complete 


disappearance of the ions. Hence at x0, 

C' 0. Substituting this condition into Eq. 9, 

we have C,=0, 

c'=¢, e (10) 

Let us suppose, when x x), C’~-» maximum. 

So, in Eq. 10, C’ is maximum when sin()'x,) 
is unity or §'x)»=2/2 or x»=2/2 #' and so 

C' C; e&2'* B’) 

Now the limiting maximum value of C’ at 

a distance of x, is the same as the initial bulk 

concentration C,’ of chromate ions. Substitut- 

ing this value into the above equation we have 


C1 =Cy! ea" #/28 


Eq. 10 thus reduces to the form, 


so we have, 


sin(5'x) 


C’=(C,! e- 80" #7289) e*'* sin (p'x) (11) 


Eq. 11 represents the distribution of chromate 
ions where x is measured from zero concentra- 
tion level. 

Let us now suppose that (n~-1) rings 
already formed and ath ring is in the process 
of formation. So the concentration of chromate 
ions at (n--1)th level has fallen to zero. Let 
C, and C,' be the concentrations of silver 
and chromate respectively at ath rings, 
and x, and x, -;, the distances of ath and 
(n1)th levels respectively from the initial 
diffusion level. The reference line for chromate 
ions corresponding to the ath ring is (n— 1)th 
ring level, while for silver ions it is the initial 
diffusion level. In order that the two equa- 
tions could be combined, the line of reference 
for the two ions must be the same. Substitut- 
into Eq. 1! for chromate 
Eq. 8 for silver i 


have 


ions 


ing x (x # ) 
ions and x x, in 
corresponding concentrations in the’ two 
equations, we get the following equations for 
silver and chromate ions respectively, 


ions and 


Cn =Co © #*" COS( PXn) (12) 
C,! =Cy! e a'#/28) 


Xsin[ PB! (xn—x )| (13) 


The distribution of the concentration 
duct of chromate 
obtained by combining Eqs. 12 and 13 


pro- 


silver and ions can be 


CC,’ e 


xsin[S'(x 


CC,’ 


(a aXn @@ (Xx tr 


(14) 


)lcos( $x») 


The above equation represents the curve 
shown in Fig. 1. The periodic terms cos. and 
sin. alternate between the limits --1l, and the 
concentration curve shows two types of peri- 
odicities one by broad wave PQRS and the 
other by narrow waves. By putting cos($x,,) 
1, we get the curve PQRS which is the locus 
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of the points of maxima of narrow curves, and 
by putting sin(3'(x,—x )) <1, the remaining 
equation represents only the finer structures 
of a half wave PQ. 

The condition for the precipitation at the 
place is that the ionic product should exceed 
or be equal to the solubility product of the 
sparingly soluble salt at the level 

Co, Ss 
In critical case C,C,' S$; so substituting the 
condition into Eq. 14, we have 
S {C,C,’ e— (4'2/23") e-a@ ea’ (1 x )| 
)lcos (3x,) (15) 

The equation represents the pheno- 
menon of Liesegang Rings in general form. 
The graphical representation of the equation 
is made in Fig. 2. The dotted liness in Fig. 


<sin[8'(x,—x 


above 


Fig. 3 


2 indicates the solubility product of sparingly 
soluble salt. The spaces where the ionic pro- 
duct curve falls below SS’ level indicates void 
while those places where the curve 
crosses the line SS’ indicates the precipitate 
regions. Void spaces and precipitate regions 
have been represented in the figure by clear 
and dark areas respectively. The broader band 
structure of Liesegang systems will be given 
by 


regions 
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S= [CoCy! e- (e'#/28") e— axn ea a | 
x sin { B'(xn—Xn-1)} (16) 


i 


In case where the modulus of decay a and 


frequency factor 5’ of the wave 
chromate ions are sufficiently small, Eq. 16 
can be simplified further by putting e ‘ ¥n-1) 
unity, and 
sin[3'(x 
So, we get 


S=(CQiCr' e cn B'(Xn—Xn-1) (17) 
S e(a' 2/28") oak 
CoCr! Je 


S 
pa (19 
ae le ) 


(x (18) 


or (x 


P is a constant. 
Since 8'=27/4', a' being the length 
of chromate ions wave, Eq. 18 can be written 


wave 


as 


e* (20) 


4 
(x 


2zOoC,’ 
or (xn—x y=Yer (21) 
Taking the logarithm, we have 


log (X¥n—Xn-1) =At+ ax (22 


where A is another constant. 
It may be noted here that the nature of Eq. 
22 is not affected by 


d is the distance of n'’ order ring from a new 
reference level, then 


x (x,'~—d) 


or log (x ¥ )=A+a(x,.—@) 
A'+a'x (23) 


or log (x x ) 


Two Egs. 22 and 23 differ only in constants. 
In a Liesegang ring system ax, may be con- 
sidered as a small quantity for first few rings 
and so e#*» can be expanded and higher terms 
may be neglected. Eq. 21 thus reduces to 


(x x x (24) 
Eq. 24 differs from Eq. 3 in the constant §. 
The derivations here thus lead to an equation 
which is a corrected form of Jablczynski’s 
empirical relation 1 or 3 which has already 
been studied by several workers. It may be 
noted that even Eq. 24 is 
more general expressions (15, 19, 20 and 23) 
for the phenomenon of Liesegang rings. 


a special case of 


Discussion 


Eq. 15 has graphically been represented in 
Fig. 1. The figure predicts the 
fine structure between precipitate bands. Such 


presence of 


profile of 


changing the line of 
reference in the measurement of the rings. If 
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structures have already been reported by Riegel 
and Reinhands?, Hedges” and Friend® for the 
silver chromate system in gelatin gel. The 
author also made studies on the growth of 
rings. Liesegang rings of silver chromate were 
obtained by diffusing 2.5, 5, 7.5 and 10% silver 
nitrate solutions through test tubes containing 
2, 4, 6 and 87% gelatin gels impregnated with 
0.01_ chromate. The temperature was main- 
tained befow 16°CF during the experiment. 
Distinct fringes of bright yellow color closely 
packed rings were seen when gelatin was dilute. 
The rings obtained were watched continuously 
for 12 hr. and it was found that even precipitate 
rings developed not as one single ring but as 
an aggregate of two or more closely packed 
fine rings which grew thicker and thicker with 
time and finally small gaps in between them 
gradually disappeared and thick layers of pre- 
cipitates were formed. The observation proves 
the validity of Eqs. 14 and 15. For close 
study of the phenomenon, it is always useful 
to carry Out experiments at low temperature 
and with low concentrations of gel. 

Eq. 19 indicates that the rings would get 
more and more packed as the initial concentra- 
tions of ions increase and solubility product 
decreases. The effect of solubility on silver 
chromate rings has been studied by Varma 
and Ghosh” and influence of ionic concentra- 
tion by several other workers». Their results 
are in conformity with the conclusions drawn 
above. 

The theory indicates that the nature of dif- 
mainly responsible for rhythmic 
phenomenon; a proper type of membrane 
however becomes a necessary condition for the 
occurance of the process. Several factors such 
as colloidal formation super-saturation, etc., 
may help or hinder the formation of a proper 
type of membrane, but they themselves cannot 
be considered as the cause for Liesegang rings. 
The phenomenon may occur even in the 
absence of any of these conditions. 

The experimental support of various expres- 
obtained above for Liesegang rings 
justifies the use of Raimann solution for Fick’s 
diffusion equation. The theory thus indirectly 
throws light on the mechanism of diffusion. 

In subsequent communications other aspects 


fusion is 


sions 


3) R. Matalon and A. Packter, J. Colloid Sci., 10, 1, 46 
(1955 
4) E.R. Riegel and M. C. Reinhard, J. Phys. Chem., 31, 
713 (1927 
E. S. Hedges and R. V. Henley, J. Chem. Soc., 1928, 
A. N. Friend, ibid., 121, 472 (1922) 
arma and S. Ghosh, Kol!oid-Z., 133, 1, 32 


8) R. Metalon and A. Packter, Loc. t. A. Packter, 
Kolloid-Z., 142, 109 (1955). 

9) P. B. Mathur, J. Sci. Ind. Research, (India), 14B, 12, 
668 (1955) 
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of Liesegang ring phenomenon will be treated 
quantitatively. 
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interest and encouragement during the course 
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Structural Analysis of Liesegang Ring Systems* 


By Prem Behari MATHUR™* 


(Received May 17, 


Since the discovery of the phenomenon of 
Liesegang ring several types of ring systems 
have been produced which on the structural 
basis may be broadly classified into the follow- 
ing categories: 

a) Direct and revert systems 

b) Macro and micro ring systems 

c) Void spaced and continuous banded sys- 

tems. 
In the present paper these classifications have 
been analyzed in the light of the quantitative 
theory advanced by the author” in an earlier 
communication to this journal for the pheno- 
menon of Liesegang rings. 


Direct and Revert Systems 


In the previous communication, the author 
obtained the following equations for Liesegang 
ring phenomenon, 


(Xn—Xn-1) ( s Jers (1) 
XxX; ¢ =} N\c.c' c 


(Xn—Xn-1 K (2) 


where x, and x, represent the distances of 
nth and (n—1)th rings respectively from the 
initial level of diffusion, S the solubility pro- 
duct, C, and C,’ the initial concentrations of 
the two ions and a, a and K the characteristic 
constants. 

It can be seen that 
of ring systems are possible as a 
negative or positive. When a is 


the two different types 
in Eq. 1 1s 
positive the 


* This work is the part of the Ph. D. Thesis submitted 
by the author to the University of Allahabad in September 
1956. 
* Present Address: Senior Scientific Officer, Central 
Electrochemical Research Institute, Karaikudi-3, S. India 

1) P. B. Mathur, This Bulletin, 34, 437 (1961); Ph. D 
Thesis, Allahabad University, p. 25—S1, (1956); J. Colloid 
Sci., June (1960). 


1960) 


distances between the successive rings (x, —x ) 
would increase with the increase of x, as is 
commonly observed for this phenomenon. When 
negative the rings separation would 
decrease in the direction of diffusion of floc- 
culating solution. Thus two different types of 
ring systems, which may be called a “ Direct” 
and Revert” 
produced. 

Mathur and Ghosh” noted that if a diffusing 
electrolyte renders high peptizing influence or 
dissolves out the precipitate formed asa result 
of the interaction of the two ions, the decrease 
in the concentration of the peptizing ion along 
the diffusion path would lead to the “ Revert” 
system of rings. The authors have noted that 
the ferricyanides of copper, iron, nickel and 
silver are peptized by the excess of the same 
metal ions, and this effect is more marked in 
the case of copper, iron, nickel and uranium 
ferricyanides and at the same time the revert 
systems have also been observed to be more 
prominent in these precipitate systems. Pactor 
obtained a revert type of rings system by 
diffusing a solution of ammonia through a 
silver chromate solution peptized by acitic acid 
in gelatin gel. Hook” has obtained revert 
type of Liesegang ring systems of zinc, nickel, 
cobalt, ferrocyanides, nickel, zinc and iron 
cyanides, barium and mercury vandates and 
cerrous oxalate in gelatin medium and of 
chromium hydroxide and uranyl carbonate in 
agar-agar gel. 

Periodic precipitations of “ Direct” 
are of common occurrence. Silver chromate 
system in gelatin gel is a well known example 
of this type of banded structure. 


a IS 


systems respectively could be 


nature 


2) P. B. Mathur and S. Ghosh, Kolloid-Z, 159, 
(1958). 

3 A. Packter, Nature, 175, 556 (1955 

4) A. van Hook, J. Phys. Chem., 41, 593 (1937 





March, 1961] 


Macro and Micro Ring Systems 


Gel or other peptizing agents influence the 
precipitation of an sparingly soluble salt by 
keeping the coarser matter in colloidal state. 
The nature of the distributed matter in a sys- 
tem of periodic precipitation under the influence 
of environmental conditions can be ascertain 
from Fig. 1 which is a graphical representation 
of the ionic product relation obtained in the 
previous communication”. 


C4,’ 

x sin[S'’(x,—-x ylcos (8x,,) (4) 
is the ionic product and a, a’, 3'5 
are characteristic constants. In Fig. 1, 
SS’ represents the solubility product level and 
PP’ the peptizing level. The insoluble sub- 
stance formed by interaction of diffusing ions 
would exist in precipitate or in peptized form 
according as PP’ is very close to or high above 
the SS’ level. 

When the peptizing level PP’ is little above 
SS’ and cuts the ionic product curve at 
several places, the sparingly soluble matter 
will precipitate out in the regions where the 
ionic product curve rises above PP’. Thus, at 
P, R, T regions the precipitate bands would 
appear. At intermediate spaces Q, S, U etc., 
Where the ionic curve falls below PP’ the 
residual matter will exist in colloidal 
The distribution of this colloidal matter along 
the diffusion column would also be of periodic 
nature following the curve 1. Thus, translucent 
micro-sealed ring systems of tracer colloidal 
material would be produced in between the 
precipitate bands. Such a type of structure 
has been observed by several workers notedly 
Hedges and Henley'?, Dounin and Shamyakin 
and Mathur and Ghosh with silver chromate 
in gelatin medium. 


where C,C’ 


and a 


State. 


P. B. Mathur, Loc. cit 
S. Hedges and R. V. Henley 


S. Dounin and F. M. Shemyakin., 
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The possibility of another type of such fine 
system is also apparent from Eq. 4. If in Eq. 
4 the damping coefficients a and a’ are almost 
negligible the factor 


expla! (xn—Xn-1) —axn] 


tends to unity and Eq. 4 reduces to the form 
CAN 


which is an equation of the Simple Harmonic 
Curve (Fig. 2). In such whatsoever 
be the position of PP’ closely packed fine 
rings without any large size void spaces in 
between them, would be discerned. The fine 
ring systems will be of precipitated material 
when PP’ would cut the ionic produt curve, 
and of colloidal matter when PP’ would be 
situated above it. Mathur and Ghosh have 
been able to obtain the micro-sized Liesegang 
ring systems of cobalt and silver ferricyanide 
under suitable experimental conditions 


)lcos (Sx,) 


asin[8'(x,—x 


systems 


Void Spaced and Continuous Banded Systems 


Let us now consider the case where damping 
factor exp(a x,), in Eq. 4 is large enough and 
at the time the peptizing influence of 
the medium or of the ions present therein is 
moderately high on the insoluble substances 
Such a system will graphically be represented 
by the curve P, Q, R, S and P,P;' shown in 
Fig. 1. If, due to high peptizibility of the 


same 


insoluble salt the position of PP’ is just above 
the ionic product curve or if PP’ cuts the 
curve at some of its maxima points, the in- 
soluble substance will exist both in colloidal 
as well as in precipitate form showing a con- 
tinuous deposition of matter throughout the 
diffusion column. Due to the fact that the 
concentrations of ions in the regions of maxima 
and minima points very markedly, the colloidal 
particles in the neighbourhood of maxima 
points P, R, T will be much due to 
the high concentration of the peptizing matter 
in this region in comparison to that in the 
minima regions. Such a system will therefore 
form bands of different size particles within a 


coarser 
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continuous deposition, which will 
alternate bands of different colors. 

In cases where peptizing is very high 
so much so that high concentration of a stable 
colloid may be produced, a very fine ring 
structure of colloidal matter, may appear but 
if it is too packed it may be left undetected. 

Dhar and Chatterji? obtained a continuous 
banded system for mercuric iodide in agar gel, 
where a thick red color precipitate bands are 
followed by yellow ones and versa. 
Hatschek”? noted a similar structure for cad- 
mium sulphide in gelatin gel; Rastogi and 
Chatterji'? reported for certain’ insoluble 
rare earth salts; Mathur and Ghosh for silver 
ferrocyanide and uranium ferricyanide. 

Void spaced systems have already been dis- 
cussed in the earlier communication. From 
Fig. 1, it can be seen that when peptizing level 
PP’ is close to the ionic product curve P,Q,R, 
S, the precipitate regions will be followed by 
void spaces and not by thick colloid bands, 


appear as 


level 


vice 


8) N. R. Dhar and A. C. Chatterji, J. Phys. Chem., 28, 
41 (1924); Kolloid-Z., 37, 2 (1925). 

9) E. Hatschek, Kolloid-Z, 37, 297 (1925). 

10) M. C. Rastogi and A. C. Chatterji, J. Indian Chem. 
Soc., 28, 283 (1951). 


‘Frontier Electron Density” 
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and so a void spaced ring system will be ob- 
tained. 

It may, therefore, be concluded that the 
factors which control the Shape of Liesegang 
ring systems in gel media are (a) the damping 
coefficients a and a’ of Eq. 3, and (b) the 
peptizability of the precipitate in particular 
environment, or say, the stability of the colloid 
formed under the conditions of the system. 
However, it may clearly be understood that 
colloidal formation like other factors simply 
influence the shape of rings in gel media, but 
it itself is not the cause of rhythemic pheno- 
menon. The nature of diffusion is mainly 
responsible for the phenomenon, as_ explained 
in the earlier communication. 


My thanks are due to Professor S. Ghosh, 
Head of the Department of Chemistry, 
Allahabad University for his keen interest in 
the work and valuable suggestions and also to 
the Scientific Research Committee of Uttar 
Pradesh for granting a research scholarship 
during the period of the work. 


Department of Chemistry 
Allahabad University 
Allahabad India 


in Saturated Hydrocarbons 


By Kenichi Fukul, Hiroshi KATo and Teijiro YONEZAWA 


(Received August 8, 1960) 


Several simple quantum-mechanical methods 
have been proposed to discuss the physical 
properties of aliphatic compounds'~, but they 
were not always successful in interpreting 
quantum-chemically the chemical reactivity of 
these compounds. 

In our previous papers treating aliphatic 
compounds, we _ calculated the ionization 
potential, the bond energy*? and the reactivity 
in nucleophilic substitution? by — using 
Yoshizumi’s C-C skeleton method”. 

In the present paper, we have investigated 


R. D. Brown, J. Chem. Soc., 1953, 2615. 
M. J. S. Dewar and R. Pettit, ibid., 1954, 1625. 
3) J. Lennard-Jones and G. G. Hall, Disc. Faraday Soc., 
53, 127 (1957). 
4) K. Fukui, H. Kato and T. Yonezawa, This Bulletin, 
33, 1197 (1960). 
5) K. Fukui, H. Kato and T. 
(1960). 
6) H. Yoshizumi, Trans. Faraday Soc., 


Yonezawa, ibid., 33, 1202 


$3, 125 (1957). 


the chemical reactivity of several aliphatic 
hydrocarbons in a metathetical reaction by 
using the simple LCAO MO method including 
all of the atomic orbitals which participate in 
forming C-C and C-H o bonds in these com- 
pounds. The molecular orbital of aliphatic 
hydrocarbons, ¢;, may be represented by a 
linear combination of Is orbitals of hydrogen 
atoms, ¢u,, and sp® orbitals of carbon atoms, 


Per. 


Yj =>) Cr 59 rt p> Cj Pu 
r 


where C,;, Ci; are the coefficients of the rth 
sp’ orbital of carbon atom and the /th Is 
orbital of hydrogen atom in the jth molecular 
orbital, respectively. 

The resonance integrals between neighbor- 
ing atomic orbitals are assumed 


f bc nHbuinsidte=b8 
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carbon and the Is orbital 


bond: 


the orbital of 
of hydrogen in a C-H o 


fo wrH¢c,r4+1dt= 8 


orbitals 


sp~ 


between two sp of two adjacent car- 


bon atoms each: 


a 


J $c,rHGc,r4i1dt 


mp 

between two sp°® orbitals belonging to one and 

the same carbon atom: 
The Coulomb integrals 


J Oy,HOyde=atas 


. 


| ar rH¢c,-dt a 


are taken as 


All overlap integrals are neglected. 
The values of m is taken as 0.34 determined 
Yoshizumi, a put equal to —0.2 refer- 
ring the value of C-H bond moment (C ae 
0.4D),* and 6 is put 1.1 which is the ratio of 
the overlap integral Sce_1 to Sc-c?. 
The calculated values of ionization potential 
and heat of formation of several compounds 


by is 


‘** Frontier Electron Density ”’ 
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I, where the values of @ 
5.05eV. and —8.8eV., 


in Table 
taken 


are listed 
and § are 
tentatively. 
Since a good agreement between the calcu- 
lated and experimental values is observed in 
this table, the numerical estimation of these 
parameters is considered to be reasonable. 


as 


0.0345 


~ 0.0088 
-(" 


f 0.2235 


» 0.1465 


0.1214 


H 


H 
= 0.0893 


, - 0.0128 
0.3508 
4 —C 
0.2911 


0.0653 
ae = C 


0.0200 


H 
-- 0.0652 


0.0384 0.2272 70.0088 
a ey CY So 


eee 
0.0111 | 0.1712 | 0.3060 


7) R. S. Mulliken, C. A. Rieke, D. Orloff and H. 


Orloff, J. Chem. Phys., 17,912483(1949). 
The value of a varies according as the hydrogen 


_ e 


i 7 Cc 
0.0411 


atom is primary, secondary or teriiary. In the present 
treatment a is taken as the same for simplicity’s sake. 
Future improvement is expected with regard to this point. 
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H 
= 0.0473 ~0.0597 


™ ~ 0.0067 -0.0068 

0.1467 0.2292 

t Cc— 4 t 2 ( 
0.0065 0.1081 0.2515 


H 
H 
~ 0.0450 


- 0.0124 


- 0.2667 
- 0.1961 


( 


- 0.0094 


=) 0856 


~0).0457 


. 0.0044 
0.0443 0.3141 0.0844 0.0664 0.0013 
H— t ( A ' ( t t ( ' 1 2 . | 
0.0159 0.2427 0.1120 0.0318 0.0137 
0.0071 ; 


= 0.0739 
H H H 7 


Fig. 1. The values of f°® in several saturated hydrocarbons 


TABLE la. IONIZATION POTENTIAL TABLE Ib. TOTAL ENERGY AND HEAT 
Calcd I. P OF FORMATION 
Obs. I. P. Obs. heat Difference 
¢ Caled of forma- =——~—— 
eV. eV. ? tion! Caled. Obs 
CH, (Ist) 8322 12.37 13.16 keal./mol. i) keal. 
CH, (2nd) .6546 19.61 19.80 “Hy 8a+ 8.329; 
C.H¢ .7254 11.43 11.76 
C.H .7009 11.22 11.21 “oH, 14a + 14.663 5 


C.H 6871 11.10 10.80 
20a + 21.0003 24.8 


where / is the coefficient ¢, a+ay 


is the highest occupied orbital energy. 


26a + 27.368 30.2 
The metathetical reaction of paraffins is ex- R. E. Hornig, J. Chem. Phys., 16, 
pressed by the equation 105 (1948). 
Pee My Bs 188-0 F. D. Rossini, K. S. Pitzer et al., 


‘Selected Values of Physical and 


where R is an alkyl group and -X is an attack- 
ing radical. 
We previously proposed the frontier electron 


Thermodynamic Properties of Hydro- 
carbons and Related Compounds ”’, 
Carnegie Press (1953 
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, f2, as an excellent reactivity index 
radical reaction of conjugated systems. 
we can show that f‘® is found to be 
also available as the reactivity index of saturat- 
ed compounds.* The calculated values of 
f in several compounds are listed in Fig. 1. 
It is observed that the values of f° on 
hydrogen atoms in these compounds is parallel 
with the experimental results. That is to say, 


density 
for a 
Now 


8) K. Fukui, T. Yonezawa, C. Nagata and H. Shingu, 
ibid., 22, 1432 (1954). 

* According to the electronegativity of the attacking 
radical, f{ or ff‘ (frontier electron densities for 
electrophilic or nucleophilic attack) may be used in lieu 
of f*®’. In the present case we are imagining e. g.-CH3 
for the attacking radical, whose energy level seems to lie 
between the highest occupied and the vacant 
orbitals of R-H. 


lowest 


Studies on the Catalytic 
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the activity of hydrogen-extraction in saturat- 
ed hydrocarbons increases in the order prim. H 
<sec. H <tert. H”. 

Thus, the frontier electron density has been 
found to relate with the experimental chemi- 
cal reactivity of aliphatic saturated molecules. 

An application of this fact to explaining 
the reaction mechanism of oxidation or pyro- 
lysis in aliphatic hydrocarbons seems to be 
possible. 


Faculty of Engineering 
Kyoto University 
Sakyo-ku, Kyoto 


Trotman-Dickenson, Quart. Revs., 7, 198 (1953). 


Double Wave of Cystine by 


Oscillographic Polarography 


By Mutsuaki SHINAGAWA, Hideo IMAI and Hiroyuki NEZt 


(Received July 16, 1960) 


Brdicka’ has reported that in a conventional 
polarography cystine and cysteine develop a 
pronounced single catalytic wave in an ammonia 
buffer containing divalent cobalt. In the previous 
paper” it was reported that this catalytic wave 
gives a rounded maximum of good reprodu- 
cibility by the addition of gelatin and that the 
maximum wave is split off into two waves by 
the addition of methyl cellulose (cf. Fig. 1). 
The form of these double waves resembles that 
of the catalytic double wave of protein, and 
the evolution of hydrogen as the electro- 
lytic reductant is facilitated by the catalytic 
action of the cobalt(II)-cysteine complex* 
adsorbed on the surface of the dropping 
mercury electrode (DME). Accordingly, one 
can expect to clarify the nature of the protein 
wave from the analogy to the cystine wave. 

The present experiment was carried out as 
a tentative model of the protein wave, and a 
possible mechanism of the cystine wave is pro- 
posed from the consideration of the adsorption 
equilibria among three surface active substances, 
i.e., the cobalt(II)-cysteine complex anion, 
methyl cellulose and gelatin. 

1) R. Brdicka, Collection Czechoslov. Chem. Communs., 4, 

148 (1933). 

2) M. Shinagawa and H. Nezu, This Bulletin, 33, 272 

(1960). 

This catalytic wave occurs at a more negative 
potential than the potential of the reduction of cystine to 


cysteine, and therefore, must be caused by the reduced form, 
cystein. 


Experimental 


A Sevcik type oscillographic polarograph” con- 
structed in our laboratory? was used. Effects of 
the mercury head and the frequency of the applied 
triangular sweep on the oscillographic current volt- 
age pattern were observed. The mercury head was 
changed from 25 to 65cm., when the life-time 
of the DME changed from 5.4. to 2.0sec. under 
the applied span voltage from —0.28 to —2.16V. 
vs. S.C. E. (20 cycles/sec.). The rate of the mer- 
cury flow was 0.755 mg./sec. at the mercury head 
of 25cm. The frequency applied was 20~60 cycles 
sec., when the rate of potential change was 75~225 
¥. sec. 

All the reagents were of analytical grade. The 
test solutions used are tabulated as follows: 


Test solu- 
tion No. 


0 0.1F NH;-NH,CI buffer 


I 1x 10-3 F CoCl.+2x 10-5 F 
in solution 0 


0.02% methyl cellulose in solution | 
0.01% gelatin in solution 1 
0.01% 


Constituent 


cystine 


.02% methyl cellulose 
gelatin in solution | 


.005~0.08% methyl cellulose in 
solution 0 


3) A. Sevcik, Collection. Czechoslov. Chem. Communs., 13, 
349 (1948). 

4) M. Shinagawa, H. Imai and 5S. Chaki, J. Electrochem. 
Soc. Japan, 23, 132 (1955); H. Imai, This Bulletin, 29, 276 
(1956). 
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An H-cell with low impedance was used, and the 
dissolved oxygen in the test solution was not re- 
moved. The temperature was 29+0.5 °C. 


Results and Discussion 


Under the experimental conditions described 
in the preceding section, the cobalt (II)-ammine 
complex behaves irreversibly at the DME, and 
the charging current, which flows when the 
adsorption or desorption of surface active 
substances occurs, becomes markedly great. The 
effect of the mercury head on the peak current 
gives information concerning the difference 
between the electrolytic current and the charging 
current and also concerning the irreversibility 
of an electrode process. One can obtain similar 
information from the effect of the sweep fre- 
quency on the peak current and the peak 
potential**. 

The Oscillographic Current-Voltage Pattern. 

The oscillographic current-voltage pattern 
of solutions 1, 2, and 4 are illustrated in 
Figs. 2-A, B, C and D, respectively. In Fig. 
2-A, two reduction steps represented by i,| 
and i,2 are noticeable***. i,1, the peak poten- 
tial of which is 1.27 V. vs. §.C.E., corre- 
sponds to the reduction of the cobalt(II)- 
ammine complex ion. The peak height of i,1 
is decreased and rounded off by the addition 
of methyl cellulose and gelatin as is illustrated 
in Figs. 2-B, C and D, simultaneously the peak 
potential being shifted toward more negative 
potentials (E, 1.27, —1L.31 and —1.36V. vs. 
S.C. E. in solutions 2, 3 and 4, respectively.). 

The second step (E,=ca. —1.7 V. vs. S.C. E.) 


These points of view are summarized in detail as 
follows in order to help the subsequent considerations 

(1) The peak of the oscillographic pattern is rounded 
off and the peak potential (Ep) is shifted toward more 
negative potentials in the cathodic branch as the electrode 
process becomes irreversible®’. 

(2) No reoxidation peak can be observed in the anodic 
branch unless the DME forms the amalgam with the 
reductant. 

(3) The maximal peak current (i. e. the peak current 
just before the electrode mercury droplet falls) of a 
reversible electrode process (ip,r) is independent of the 
mercury head, while that of an irreversible one (i),ir) 
varies with the mercury head‘ 

(4) ip,r is proportional to the square root of the rate of 
the potential change (v)®, while ip,ir deviates from this 
proportionality 

(S) The maximal charging current is independent of the 
mercury head, and it is linearly proportional to v 

(6) The peak potential of the charging current, which 
flows at the adsorption or the desorption potential of 
surface active substances, will be shifted by the change in 
the concentration of the adsorbed substance. 

5) P. Delahay, J. Am. Chem. Soc., 75, 1190 (1953); H 
Matsuda and Y. Ayabe, Z. Elektrochem., 59, 494 (1955) 

6) P. Delahay, J. Phys. Colloid Chem., 54, 630 (1950); H 
Imai, J. Electrochem. Soc. Japan, 23, 530 (1955). 

7) P. Delahay and G. Perkins, J. Phys. Colloid Chem., 
55. 586, 1146 (1951). 

*** ip2 is accompanied by a barely perceptible peak at 
—1.5V. vs. S.C. E. This peak corresponds to an irregular 
wave observed at the same potential by a conventional 
polarograph. The nature of this wave is unknown at this 
stage. 
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Fig. 1. The catalytic double wave of cystine 
by a conventional polarograph. Solution: 
1x10-3F CoChk, 2x10-5F cystine, 0.002% 
methyl cellulose in 0.1 F NH,-NH;Cl buffer. 
m=2.46 mg./sec., t=3.5 sec. 


Fig. 2. The oscillographic current-voltage pat- 
tern of 1x 10~-*F CoCl, and 2x 10~*° F cystine 
in 0.1 F ammonia buffer (A). (B): +0.02% 
methyl cellulose, (C): +0.01% gelatine, (D): 
+0.02% methyl cellulose and 0.01% gelatin, 
Sweep frequency =20 cycles/sec., v=75 V./sec., 
h=25cm., f=4.9 sec. 
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represented by ip2 in Fig. 2 is the catalytic 
current. This catalytic current is accompanied 
by a sharp peak at —1.72 V. vs. S.C.E. in the 
presence of methyl cellulose. Since a similar 
sharp peak is developed at —1.7V. vs. S.C. E. 
by the desorption of methyl cellulose in solu- 
tion 5 (cf. Fig. 3), the above-mentioned sharp 


Fig. 3. The oscillographic current-voltage pat- 
tern of 0.1 F ammonia buffer (A) and 0.06%, 
methyl cellulose in 0.1 F ammonia buffer (B). 
Sweep frequency = 20 cycles/sec., v=75V ./sec., 
h=4S5cm., t=2.4; sec. 

peak of solution 2 can be assigned to the 
charging current change caused by the desorp- 
tion of methyl cellulose. By the addition of 


gelatin, the catalytic current is 


(E,=1.72 V. vs. S.C.E.) as is illustrated in 
Fig. 2-C, and this wave is split off into two 
waves by the addition of methyl! cellulose 
(Fig. 2-D), the potential of the first and the 
second peak being 1.62 and 1.73 V. vs. 
S.C.E., respectively. Undoubtedly, these double 
peaks are different in nature from the catalytic 
double waves developed by a conventional 
polarograph (Fig. 1), because the charging cur- 
rent becomes predominant in an oscillographic 
method. It may safely be assumed, however, 
from the coincidence of the peak potential of 
ip2' with the desorption potential of methyl 
cellulose that the desorption of methyl cellu- 
lose is closely connected with the occurrence 
of ip2' and presumably with that of the second 
maximum wave in the conventional polaro- 
graphy. 

In the anodic branch, the current change 
represented by i,x is noteworthy. The pattern 
of ix is pronounced by the addition of gela- 
tin, and in this case it can be seen from Figs. 
2-C and 2-D that this current is obviously 
cathodic (the reduction current). A cathodic 
current of a similar character has been ob- 
served in the solution containing indium(III) 
and chloride, corresponding to the well-known 
minimum wave in the conventional polaro- 


8) M. Shinagawa, H. Imai and H. Sunahara, J. Chem 
Soc. Japan, Pure Chem. Sec. (Nippon Kagaku Zasshi), 177. 
1482 (1956). 


rounded off 
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graphy. It is supposed that this minimum 
wave is caused by the electrostatic repulsion 
of InCl from the negatively charged electrode. 
By analogy, it can be assumed that the cobalt- 
(II)-cysteine complex anion behaves likewise. 
When the _ electrode potential is shifted 
toward less negative values in the anodic branch 
after the repulsion of the complex anion in 
the cathodic branch, the complex anion will be 
readsorbed on the electrode surface and con- 
tributes to the catalytic reduction of the hydro- 
gen ion. Thus, the mechanism of i,x leads to 
the idea of the repulsion of the cobalt(ID- 
cysteine complex anion at the potential more 
negative than 1.63 V. vs. S.C. E. 

The Variation of the Peak Current with the 
Mercury Head.—The peak current is plotted 
against the mercury head in Fig. 4, where the 


es 300 


> Relative increase of peak current, 


> Mercury head, cm. 


ig. 4. The relative variation of the peak cur- 
rent with the mercury head. The symbols of 
the peak current are given in Fig. 2, and the 
second figure of the symbol represents the 
solution number given in the section of the 
experimental. Sweep frequency 


v=75 V./sec. 


20 cycles/sec., 


peak current is represented by the same symbols 
as those used in Fig. 2, and the second figure 
in the symbols represents the solution number 
given in the section of Experimental. In Fig. 
4 three groups are classified according to their 
inclination. The first group involves i,1-1 and 
i,2-1 which have the steepest inclination among 
ipl’s and i,2’s, respectively. When the recovery 
of the diffusion layer in each cycle of the 
voltage sweep imperfect owing to the imcom- 
plete reoxidation of the reductant (Note that 
ipl and ip2 give no reoxidation peak in Fig. 2.), 
the repetition of the reduction process during 
the life-time of the DME results in the deple- 
tion of the oxidant at the vicinity of the 
electrode surface except for the supply due to 
the duffusion from the bulk of solution. Under 
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this condition, the thickness of the diffusion 
layer will be markedly decreased by the rapid 
rate of the DME growth. Moreover. the fresh 
surface of the DME is increased by the rapid 
rate of the DME growth. Since the rate of 
the DME growth increases as the mercury head 
is increased, it is easy to see why these currents 
increase as the mercury head is increased. 

The second groups involves i,1-2, 3, 4 and 
i,2-2, 3,4, which show a moderate change with 
the mercury head. In this group, the 
of the drop growth seems to be retarded by 
the presence of the surface active substances. 

The third group involves i,-5. This desorption 
peak current of methyl cellulose is practically 
independent of the mercury head. 

The peak heights of i,2'-2 and i,2'-4 were 
measured from the height of the charging 
current without paying any attention to the 
superposition of the preceding peak current, 
ip2, which is markedly affected by the mercury 
head. Keeping this fact in mind, one can assign 
the slight inclination of i,2' to the superposi- 
tion of the intrinsic current of i,2' on the 
decreasing current of i,2. Accordingly, it is as- 
sumed that j,2’ is practically independent of 
the mercury head and will be tacitly con- 
trolled by the desorption of methyl cellulose. 
This assumption is best realized from Fig. 5 
which illustrates the relative change of i,2-4 
and i,2' 4 with the mercury head. 


effect 


081012141618 20 
E. Vvs SCE 


Fig. 5. The variation of the oscillographic 
current-voltage pattern of 1 x 10~-* F CoCl, and 
1x 10-5F cystine in 0.1 F ammonia buffer 
containing 0.022, methyl cellulose and 0.01% 
gelatin with the mercury head (fA, cm.). 
Sweep frequency = 20 cycles/sec., v=75 V./sec. 


The Effect of the Sweep Frequency. — The 
effect of the sweep frequency on the cathodic 
peak current is illustrated in Fig. 6. Any peak, 
except for the desorption peak of methyl 
cellulose, becomes more rounded and the peak 
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20 
SS eS ee ee a 
1.0-1.2-14-16-18-2.0 4 16-1.8-2.0 
E. Vv: vs. $.C.E. cL w. Oe SE. EZ. 
(A) (B) 


variation of the oscillographic 
current-voltage pattern of 1*10~-%*F CoCl, 
and 1x10°°F cystine in 0.1F ammonia 
buffer containing 0.02% methyl cellulose and 
0.01%, gelatin (A) and the desorption charg- 
ing current of 0.06% methyl cellulose (B) 
with the sweep frequency. A=45cm. 


‘ig. 6. The 


potentional is shifted toward more negative 
potentials as the sweep frequency is increased. 
This result indicates that all of these electrode 
processes are irreversible. It must be pointed 
out here that the electrode process of i,2'-4 is 
irreversible in nature, though it relates to the 
desorption of methyl cellulose as is described 
in the preceding section. 


Conclusion 


By a conventional polarograph, cystine deve- 
lops the pronounced double maximum in an 
ammonia buffer containing divalent cobalt, 
gelatin and methyl cellulose. This double 
wave is of interest because of the resemblance 
to the protein wave in the wave form and in 
the catalytic behavior. In the following descrip- 
tion, it is explained why the cystine wave is 
developed in the form of the double maximum. 

In this experiment, it was confirmed that 
cobalt(II)-cysteine complex, which acts as a 
catalyser for the depolarization of the hydrogen 


Cc 


MC MC 
i¢ Cy-H’ 1 


E =-1.4 -163 E=-163 


Cy-H* ig OH 
E=-1.7 E<-17 
Vvs SCE 
Fig. 7. The schematic representation of the 
adsorbed quantities of gelatin (G), methyl 
cellulose (MC) and the cobalt(II)-cysteine 
complex (Cy) on the unit surface area of 
the DME at each electrode potential. In this 
figure, ic-Cy-H* means that Cy behaves as 
a catalysis of the hyrogen ion depolarization. 


Cy-H" 


E >-1.4 
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ion, desorbs from the electrode surface at 
about 1.63 V. vs. S.C. E. When the electrode 
potential becomes more negative than 1.7 
V. vs. S.C. E., methyl cellulose also desorbs 
from the electrode surface. Accordingly, the 
quantity of the surface active substances ad- 
sorbed on the unit surface area of the DME 
at each electrode potential can be schematically 
expressed as is illustrated in Fig. 7. 

In Fig. 7, G, MC and Cy represent the ad- 
sorbed quantity of gelatin, methyl cellulose 
and cobalt(II)-cysteine complex anion, respec- 
tively, on the unit surface area of the DME. 
The quantity of G, MC and Cy depends on 
each adsorbed concentration, which is in equili- 


brium with each concentration of the bluk of 


the solution and on the mutual equilibria 
among G, MC and Cy on the electrode surface. 
When the electrode potential is less negative 
than 1.6 V. vs. S.C.E., all of the surface 
active substances are adsorbed on the electrode 
surface as is illustrated in Fig. 7-A. As the 
electrode potential becomes more negative 
than 1.5V. vs. S.C.E., the catalytic current 
gradually increases (Fig. 7-B). The cobalt(II)- 
cysteine complex anion, however, begins to 
desorb at 1.63 V. vs. S.C. E. and results in 
the decrease of the catalytic current (Fig. 7-C). 
Thus, the first maximum wave will be deve- 
loped by the conventional polarograph. It is 
noteworthy, here, that the quantity of G and 
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MC will be increased, corresponding to the 
desorption of Cy-complex. This is because 
the surface area to be occupied by G and 
MC will increase when Cy-complex desorbs. 

At the potential of —1.7 V. vs. S.C. E. methyl 
cellulose begins to desorb from the electrode 
surface (Fig. 7-D). In this case, the quantity 
of G and Cy-complex will be increased, though 
the increase of Cy-complex is limited in the 
potential region where the desorption of 
methyl cellulose appreciably proceeds. Accord- 
ingly, the catalytic current will temporarily 
increase near the potential of —1.7V. vs. S.C.E. 
(Fig. 7-E). Thus, the second maximum wave 
will be developed. 

In the above-mentioned conclusion, the pre- 
sent authors proposed a possible mechanism 
of the cystine double wave from the considera- 
tion of the adsorption equilibria among 
gelatin, methyl cellulose and cobalt(II)-cystein 
complex anion. The criticism of this idea and 
its application to the protein wave is ieft for 
future. 


Part of the expenses has been covered by 
the Grant in Aid for Fundamental Scientific 
Research, Ministry of Education. 


Laboratory of Analytical Chemistry 
Faculty of Science and Minami College 
Hiroshima University 
Higashisendamachi, Hiroshima 
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Radiolysis of Crystalline Oxalato Complexes 


By Akira SuGimorI and Gen-ichi TSUCHIHASHI 


(Received December 2, 1960) 

The effects of metal ions on the radiolysis 
of organic compounds have mainly been studi- 
ed in aqueous solutions. The present authors 
previously studied the radiation chemistry of 
aqueous metal salicylate complexes, and found 
that chelated Fe*’* and Cu’* effectively in- 
crease the decarboxylation of salicylic acid”. 


Baxendale and D. Smithies, J. Chem. Phys., 23, 
1959, 779. 


1) J. H 
604 (1955); J. Chem. Soc., 


The study on the radiolysis of crystalline 
metal complexes was also considered to be 
very helpful for the elucidation of the mecha- 
nism of the reaction affected by metal ions. 
In this paper, the radiolysis of various crys- 
talline metal oxalato complexes is repoted. 
Oxalic acid (H-C.O,;-2H.O), anhydrous 
oxalic acid (H.C.O,), ferrous oxalate (Fe(C.O,) - 
2H.O), sodium oxalate (Na-C.O;), potassium 
trisoxalatoaluminate (K;AI(C.O,;);-3H.O), po- 
tassium__ trisoxalatochromate (K,Cr(C.O,) 
3H.O), potassium trisoxalatocobaltate (K,Co- 
(C.O,;);-3H.O) and potassium trisoxalatoferrate 
(K;Fe(C.O;);-3H-O) were irradiated with Co 
60 gamma rays at room temperature, mainly 


> 


2) A. Sugimori and G. Tsuchihashi, This Bulletin, 33, 
713 (1960). 
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TABLE I. 
Dose rate 
r./hr. 
H:C.O,-2H.O 4.4«10° 
Na.C.O, 4.4~ 10 
K,AI(C.0,4).-3H:O 4.4~10 
K,Cr(C.0,);:3H:O 4.410 
K,Fe(C.O,)3-3H.O 4.4~-10 
K.Co(C.O,),-3H,O 4.4~10 


Compound 


THE ANALYSIS OF 


[Vol. 34, No. 3 


THE GASEOUS PRODUCTS 


Dose, r. G (gas) co CoO, 


I “10° ; 0.0 
1.45 » 10° .03 0.1 
1.31 x 10° : 0.1 
1.45 » 10° “ 0.6 
1.45 x 10 2 0.0 
1.45 «10 0.0 


TABLE If. THE DECOMPOSITION OF THE COMPLEXES 


Compound Condition 


K.Cr(C.0O,),-3H:O vacuum 
air 
K,Co0(C:O,);:3H:O 


vacuum 


air 


Dose rate 


Dose, r. G(-complex) 


r./hr. 
4.4~10 1.45 x 10° 0.7 
4.610 1.46 x 10° 0.7 
4.4«10 1 .3i x 1 8.9 


4.610 1.46 » 9.1 


TABLE III. THE DECOMPOSITION OF C.O; 


Compound Condition 


H.C.O,-2H.O vacuum 
air 
H.C.O; vacuum 
air 
Na.C.O, vacuum 
air 
K.AI(C.0,),-3H:O vacuum 
alr 
Fe(C.O,)-2H:O vacuum 
at a does rate of 4.410'r./hr. and at a total 
dose of 1.5x10°r. both in the presence and 
in the absence of air. 

After the quantity of evolved gas was mea- 
sured, the gas was analyzed mass-spectrometri- 
cally. The quantity of decomposed complex 
was measured by visible light absorption 
spectrometry of aqueous solutions of irradiated 
complexes. The quantity of decomposed oxalate 
was measured by titrating 
irradiated samples with acid permanganate 
solution. G(gas) (the number of the molecules 
of evolved gas), the ratio of CO to CO» in the 
evovled gas, G(—complex) (the number of the 
decomposed molecules of the complex) and G 
(—C.O,°~) are shown in Tables I, II and III. 
From the experimental results, the followings 
are concluded. 

(1) Oxalate ions such as in sodium oxalate 
and ferrous oxalate are very stable to gamma 
ray irradiation, compared with those in metal 
oxalato complexes. The fairly large reactivity 
of oxalic acid and potassium trisoxalatoalumi- 
nate toward gamma irradiation might be attri- 
buted to the covalent character of oxalate-M 
(M-=metal ion or hydrogen) bond. Oxalate 
ions with larger covalent character decompose 
more easily by gamma irradiation. 

(2) The much larger G values of Fe’* and 


the solutions of 


Dose rate 


= ? 
r./hr. 


<10 .46 x 10° 

<10 ASx 

x10 -46 x 10° 

x10 .46 «10° ; 

x10 .46 x 10° <0 

x10 15 x 10° 0.3 

x10 .31 x 10° 4. 
5 
0 


a 


<10 .46 x 10° 
<10° .46 x 10° 


—- PRP ANH AH AN HL 
RDPhPARDAADA DH 


Co** complex than those of Al** complex can 
not be explained only by the covalent character 
of oxalato-metal bond. They seem to _ be 
related with the reduction of metal ions. On 
gamma irradiation of Fe** and Co** complex, 
the reduction of the metal ions also occurs, 
and ferrous and cobaltous oxalate precipitates 
when the irradiated complexes are dissolved 
in water. Therefore, the electron. transfer 
from oxalate to metal ions might increase the 
radiation-induced decomposition of oxalate. 
(3) Chromium is stable in the state Cr’* 
and Cr(VI) whereas very unstable in the state 
Cr’*; therefore on gamma irradiation of 
K;Cr(C:O,;);-3H2O the electron transfer from 
oxalato to metal ion might be difficult and 
this might cause the lower G values of Cr’* 
complex than those of Fe** and Co** complex. 
But on the reaction of Cr** complex, the 
oxidation of Cr’* to Cr(VI) might occur, and 
a fairly large amount of CO is formed in 
place of CO, which is the main product in 
the gamma irradiation of oxalic acid and the 
oxalate complexes other than those with Cr’* 


Details of this study will be published later. 


Radiation Applications Division 
Japan Atomic Energy Research Institute 
Tokai, Ibaraki-ken 
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Steric Effects of ortho-Groups on Hydrogen 


Bond Formation in Phenol Derivatives as 


Studied by Nuclear Magnetic Resonance 
By Ichiro YAMAGUCHI 
(Received December 20, 1960) 


In the previous report’, the author pointed 
out that the chemical shift of the OH proton 
depends greatly on the relative position of 
the methyl groups to the OH group in di- 
methyl phenol isomers, and this was attributed 
to the steric effects of the methyl group on 
the formation of intermolecular hydrogen 
bond. The present report shows a dependence 
of the OH proton chemical shift on the size 
of the ortho-group. 

The compounds investigated are 2, 6-dichloro- 
phenol, 2,6-dimethyl phenol and _ 2, 6-di-r- 
butyl-p-cresol. The chemical shifts of the OH 
proton in various solutions were determined 
by the side band technique refering to water 
as an external standard. The correction for 
the bulk diamognetic susceptibility was not 
applicable except to the values extrapolated to 
infinite dilution because reliable data of the 
susceptibility for these compounds were not 
available. 


a. 2,6-Dimethyl phenol 


Chemical shift of OH proton (in p.p.m.) 


0.5 
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In Figs. la and 1b, the OH resonance shifts 
(in p.p.m.) are plotted against the concentra- 
tion of the solutions (in mole fraction). The 
curves for various solutions are comparatively 
separated in a wide range of the magnetic 
field from one another for 2, 6-dichlorophenol 
and 2,6-dimethyl phenol. but not for 2, 6- 
di-t-butyl-p-cresol. This suggests that the size 
of the ortho-group would be a factor which 
affects the ability of the formation of an 
intermolecular hydrogen bond of a _ phenol. 
This effect was qualitatively pointed out by 
Batdorf with his NMR measurements 

As a measure of the extent of the ability 
of the hydrogen bond formation, the difference 
between the chemical shift at infinite dilution 
(extrapolated and then corrected for bulk 
diamagnetic susceptibility of the solvents) for 
carbon tetrachloride solution and that for 
acetone solution is taken. In Fig. 2, the values 
of the difference, J, are plotted against the 
size of the ortho-groups, for instance the Van 
der Waals radii. The data for phenol’ are 
also plotted. 

In Fig. 2, the followings are observed: 
First, the J value is larger as the radius is 
smaller. Secondly, the 4 value for 2, 6- 
dichlorophenol is found above the line con- 
necting the points for phenol and dimethyl 
phenol. This discrepancy may be due to weak 
intramolecular hydrogen bond between OH 
and Cl groups. Linear extrapolation of the 


b. 2,6-Di-r-butyl-p-cresol 


2 


0 


Mole fraction of the phenols 


Fig. 1. 


D- CCl, CHCl 


Solvent : 


1) I. Yamaguchi, This Bulletin, 34, 353 (1961) 
2) R. L. Batdorf, Ph. D. thesis, Univ. of Minnesota. 


OH proton resonance shift refer to HO proton (susceptibility correction is not 


applied.). 


Ether Acetone -@- Pyridine 


3) C.M. Huggins, G. C. Pimentel and J. N. Shoolery 
J. Phys. Chem., 60, 1311 (1956) 
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nite dilution) 


Van der Waals radius of ortho-group (A) 


Fig. 2 


gen bond 


Dependence of the ability of hydro- 
formation of phenols on the 


size of ortho-group. 


line connecting two points for 2, 6-di-alkyl 
phenols (alkyl H and CH;) to the J value 
of 0.8 gives a value approximately 3.5A as 
the Van der Waals radius corresponding to 
the size of the ¢-butyl group. This value 
seems to be reasonable for this group. There- 
fore it may be concluded that the ability of 
the formation of an intermolecular hydrogen 
bond in phenol derivatives is a linear function 
of the size of the ortho-group. 


Radiation Applications Division 
Japan Atomic Energy Research Institute 
Tokai, Iharaki-ken 


New Stable Olefin Complexes of Cobalt(1) 


By Akira NAKAMURA and Nobue HAGIHARA 


(Received December 8, 1960) 


authors 
cyclopentadieny] 
In that report the 


In a previous communication the 
described the synthesis of 
cobalt cyclooctatetraene (1) 
authors reported that I took up 2mol. of 
hydrogen on catalytic hydrogenation to give 
orange crystals (II), m. p. 102-C. The authors 
supposed this compound II to be cyclopenta- 
dienyl cobalt 1, 5-cyclooctadiene considering 
from the proposed structure of I (cf. Fig. 1). In 
order to determine the correct structure of II, 
an attempt was made to obtain the same 


1) A. Nakamura and N. Hagihara, This Bulletin, 33, 
425 (1960). 


[Vol. 34, No. 3 


compound from 1, 5-cyclooctadiene. Thus 1, 5- 
cyclooctadiene was refluxed with cyclopenta- 
dienyl cobalt dicarbony! in xylene under nitro- 
gen for I1Shr. After removal of the unreacted 
starting materials, orange crystals 
obtained by sublimation at 80°C under reduced 
pressure in 30% yield. These crystals were 
recrystallized from petroleum ether, m.p. 
102.5°C. Found: C, 6705; H, 6.76. Calcd. 
for Ci3;H;;Co: C, 67.24; H, 7.38%. The in- 
frared spectrum of this compound was iden- 
tical with that of II and showed the presence 
of z-cyclopentadienyl group. No absorption 
was observed at usual C=C stretching region. 
These facts indicate the structure of II to be 
(C;H;,.)Co(C;H;) which is shown in Fig. 2. 


were 


1, 3, S-Cyclooctatriene yielded brown crystals 
(111), m. p. 90°C, by the similar reaction with 
cyclopentadienyl cobalt dicarbonyl. The in- 
frared spectrum of III showed C=C stretching 
absorption at 1625cm.~' III also gave II on 
catalytic hydrogenation. 

Il was stable in air, soluble in organic 
solvents and readily decomposed by bromine 
or by iodine in carbon tetrachloride. It also 
reacted with carbon monoxide (50 atm.) to 
give cyclopentadienyl cobalt dicarbonyl. The 
ultraviolet spectrum of II showed maximum 
at 361 myp(log ¢: 2.87, in alcohol) and had 
shoulders at 235, 267 and 420 my, as well as 
increasing absorption in the shorter wave- 
lengths. I and II reacted with diphenyl ace- 
taylene in refluxing xylene to give yellowish 
brown crystals (IV), m.p. 256°C, in 40 and 
47% yield respectively. These crystals were 
purified by recrystallization from benzene or 
by chromatography on alumina. Found: C, 
81.82; H, 5.2. Calcd. for C3;3H2.;Co: C, 82.48; 
H, 5.24%. The analysis conformed to the 
composition, (C;H;C=CC;H;).Co(C;H;). IV 
was soluble in organic solvents and was quite 
stable in air. IV was thermally stable up to 
ca. 360°C under nitrogen and_ surprisingly 
oxidation resistant as a univalent cobalt com- 
pound. For example the solution of IV in 
benzene was oxidized neither by air on heating 
nor by iodine on warming. The ultraviolet 
spectrum of IV showed maxima at 241, 257 
and 278 my (loge: 4.51, 4.50, 4.46, in alcohol) 
and had shoulders at 287, 295 and 400 my. 

The infrared spectrum of IV showed the 
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presence of z-cyclopentadieny] 
mono-substituted phenyl group. 
IV was reduced by sodium in liquid ammonia 
to give 1, 2, 3, 4-tetraphenylbutane, m. p. 181°C. 
IV did not react with concentrated hydro- 
chloric acid, alcoholic potassium hydroxide and 
lithium aluminum hydride. It was attacked 
neither by carbon monoxide (100 atm.) at 
290°C, by triphenyl phosphine at 150°C nor 
by acetylene dicarboxylic acid ester at 200°C. 
This remarkable stability of the compound 
IV together with its chemical and spectroscopic 
properties seems to indicate its structure in- 
volving a cyclobutadiene ring as shown in 
Fig. 3. Alternative structures such as those 
involving Co-C sigma bonds or _ involving 
tetraphenylbutadiene are less probable. 


group and 


The Institute of Scientific 
and Industrial Research 
Osaka Unversit) 
Sakai-shi, Osaka 


HOOC 
| HOOC OH 
HO” > \ 
H 


1) G. Biichi, J. S. Kaltenbronn, L. Crombie, P. L 
Godin and D. A. Whiting, Proc. Chem. Soc., 1960, 274. 

2) See the footnote 4 and 5 of Bichi and Crombie’s 
paper 1). 
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The Absolute Configuration of Rotenone 


By Masao NAKAZAKI and HIsAO ARAKAWA 
Received December 22. 1960 


A recent short communication by Bichi et 
al.’? on the absolute configuration of rotenone 
(1) prompts us to report our current work in 
this field. They submitted (— )dihydrotubaic 
acid (II) to exhaustive ozonolysis and obtained 
(+ )3-hydroxy-4-methylpentanoic acid. In order 
to secure enough starting material, they synthe- 
sized (-+)3-hydroxy-4-methylpentanoic acid 
and resolved it through the quinine salt to 
obtain the (—)acid (enantiomer of III, or [Va 
in Fischer projection), which they converted, 
via three steps into (—)2-methylpenta-3-ol 
with a known absolute configuration They 
thus established the (R) configuration” at 
position 5’ of rotenone. We also exhaustively 
ozonolysed (—)dihydrotubaic acid*, m. p. 
166°C, |a|i—103.7° (methanol), then oxidized 
it with peracetic acid following our previous 
method The resulting hydroxy acid III was 
treated with diazomethane to afford the methyl 
ester IVb, b. p. 77~86°C/18 mmHg _ |a|] 19 
(ethanol), which was converted into (-— )3- 
hydroxy-4-methylpentanohydrazide IVc, 


OCH: 


HsCO_ 


R. S. Cahn. C. K. Ingold and V. Prelog, Experientia, 
1956). 

S. Takei and M. Koide, Ber., 62, 3030 (1929 

H. Arakawa and M. Nakazaki, Amn., 636, 111 (1960). 
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COOH COR 


ao t—OH 


R=OH 
R=OCHs3 


R=NH 
m.p. 152~153°C, [a}i+43° (ethanol) with 
hydrazine. To relate this hydrazide IVc with 
D-valine, IVc was treated with nitrous acid” 
to afford (— )5-isopropyloxazolidone (V), m. p. 
113~114°C, [a] s—44.5° (ethanol). Found: C, 
55.93 ; H, 8.55; N, 10.98. Calcd. for C;H:,0.N: 
C, 55.79; H, 8.58; N, 10.84%. 

Racemic hydrazide IVc, m.p. 149~150-C, 
prepared from ethyl 3-hydroxy-4-methyl- 
pentanoate which was prepared by the reduc- 
tion of ethyl 3-oxo-4-methylpentanoate with 
sodium borohydride. Reaction with nitrous 
acid converted the racemic hydrazide IVc into 
the oxazolidone V, m.p. 87~88-C, the I. R. 
spectrum of which was found sound superim- 
posable on that of the (—)oxazolidone V from 
rotenone. 

(— )Methyl 2-hydroxy-3-methylbutanoate”, 
b. p. 62~63°/15 mmHg, |a|;-1.4° (etahnol) 
prepared from p-valine”, 27.6° (6N 
hydrochloric acid), was treated with liquid 
ammonia to give the amide VIIc, m. p. 99~ 
100°C, |a] 65.1° (methanol) (racemic com- 
pound, m. p. 104~105°C), which in turn was 
reduced with lithium aluminumhydride to the 
aminoalcohol VIIla. 

Reaction of sodium methoxide with 
ethyl! carbamate drivative VIIIb, which 
obtained from the aminoalcohol VIIla by the 
action of ethyl chlorocarbonate in pyridine, 
gave (+ )5-isopropyloxazolidone (IX), m.p. 
113~114-C, [al +44.2° (ethanol). Found: 
C, 56.18; H, 8.68; N, 11.13 

( )5-lsopropyloxazolidone (V) derived from 
rotenone and (. )5-isopropyloxazolidone (IX) 
prepared from p-valine exhibited I. R. spectra 
which could be superimposed in every detail. 

In order to make sure that they are enantio- 
morphic, an equal amount of (+) and (—) 
oxazolidone were mixed and recrystallized to 
give the racemic 5-isopropyloxazolidone which 
melted at 87~88-°C, alone and admixed with 
the synthetic racemic oxazolidone from the 
racemic hydrazide. 


Was 


la] 


the 
Was 


6) Cf. C. Schépf, G. Dummer and W. Wiist, ibid., 626, 
134 (1959); C. Schépf and W. Wiist, ibid., 626, 150 (1959). 

7) E. Fischer and H. Scheibler, Ber., 41, 2891 (1908); P. 
D. Bartlett, M. Kuna and P. A. Leven, J. Biol. Chem., 118, 
303 (1937); W. Klyne, * Progress in Stereochemistry ”’, Vol. 
1, Butterworth, London (1950), p. 195. 

8) We are indebted to Dr. Setsuji Sakurai, Ajinomoto 
Co., for his generous gift of D-valine. 


> 


CH2NHR r——— Ne 


H—~ H-—— 0 


Pa 


OH — 


VU ) 
a) R=H 
b) R=COOC,H 


Thus we could confirm Biichi and Crombie’s 
result that rotenone has the (R) configuration 


at position 5’. 
Department of Chemistry 
Institute of Polytechnics 
Osaka City University 
Kita-ku, Osaka 


On Some Dark-colored Chlorocuprates(I, II) 


and Related Compounds. II. Magnetic 


Susceptibility and Color at Liquid 


Helium Temperatures 
By Masayasu Mor! 


(Received December 19, 1960) 


A series of dark-colored chloroplumbates(II, 
IV) and chlorocuprates(I, II) of hexammine- 
chromium(III) and hexamminecobalt(III) were 
reported in previous papers’. In the present 
paper a study on the magnetic susceptibility 
and the color of some of these compounds at 
liquid helium temperatures will be reported. 

The samples studied in this research were 
“mixed valence compounds”, [Co(NHs)<¢]- 
{[PbCI.] (1), ICo(NH3;)<«] [CuCl]. [CuCl,] ,;_-2 
(x~0.75) (11) and a single valence compound, 
{Co(NH;);} (CuCl;] (IID). Measurements of 
magnetic susceptibility were carried out by the 
a.c. method” using a Hartshorn bridge in the 
temperature range, 1.3~4.2°K. The frequency 
used was 90 cycles/sec. The reciprocal values 
of the molar susceptibility (Z) of II and III 
obtained in this way are plotted against 
absolute temperature 7 in Fig. 1. 

It is seen that the susceptibility obeys the 
Curie-Weiss law, Z4=C/(T—®), down to the 
temperature of about 2°K. The Weiss constant, 
ca. —2.3°K, for both II and III as seen from 


1) M. Mori, This Bulletin, 24, 285 (1951); 33, 985 (1960). 
2) C. J. Gorter, *‘ Paramagnetic Relaxation ’’, Elsevier, 
Amsterdam (1947). 
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1 
TK 
Plots of 1/Zy, vs. T°K. 
CuSO,-5H,0 
[Co(NH3).] (CuCl; ],f[CuCl, } 
{Co(NH3)_¢][CuCl;] 


rag. 1. 


Fig. 1 is considerably different from that of 
CuSO,-5H:O (ca. -—0.7°K). The magnetic 
moments per each bivalent copper atom cal- 
culated from the slopes are 1.57 B.M. for II 
and 1.47 B. M. for III*. These values are also 
abnormal as compared with the value of CuSO,- 
5H.O, 1.92 B. M. These anomalies seem to be 
due to the trigonal-bipyramidal 
chlorocuprate ion, [CuCl;]°~, and not to the 
Cu!-Cull interaction, since II and III exhibit 
similar magnetic behaviors. 

No marked change of color was 
when II (brownish black) and III 
orange) were dipped in liquid helium except 
that the color of III appeared a little lighter. 
On the other hand the color of I (brownish 
black) changed into brown in liquid air and 
brick red in liquid helium. The cause and 
reason of such different behaviors of chloro- 
plumbate(II,IV) and chlorocuprate(I,II) are 
not yet clear. 


observed 
(yellowish 


The author is very grateful to Professor 
Taiichiro Haseda of Tohoku University for his 
kind guidance and valuable suggestions in the 
magnetic measurement. The experiment has 
never been possible without the offer of the 
laboratory facilities for liquid helium experi- 
ments at the Research Institute for Iron, Steel 
and Other Metals in the Tohoku University. 


Institute of Polytechnics 
Osaka City Universit) 
Kita-ku, Osaka 


In the calculation of this value the ratio of Cull 
content to the total copper was assumed to be x 0.75. 
3) M. Mori, Y. Saito and T. Watanabe, This Bulletin, 


to be published. 
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The Nuclear Magnetic Resonance Spectra of 
Some Aconite Bases: Lucaconine and 


Lucidusculine 


By Akira Suzuk1, Takashi AMiyA and 


Takeshi MATSUMOTO 


Received December 26, 


1960) 

isolated 
Recently, 
delcosine*? 


An alkaloid lucaconine has beeen 
from Aconitum lucidusculum, Nakai 
the alkaloid was _ identified as 
obtained from Delphinium conolida L. Based on 
delcosine, Marion and 
others’ assumed that the alkaloid possesses 
the same carbon-nitrogen framework and 
Oxygen pattern as lycoctonine II? and suggested 
a tentative structure I. However, there has 
been no direct evidence for this substance 
bearing the CH-OCHs; group for R. 


several reactions of 


,OCH, 


CH,OCH, 
OH 

CH.OH 
OCH; 


\ 


Re. 
R OCH OH 


In Aconitum and Delphinium. alkaloids, Ris 
generally the methyl, hydroxymethyl or 
methoxymethyl group’. However, the possi- 
bility of the presence of the hydroxymethyl] 
group in lucaconine can be excluded, since 
corresponding aldehydic or acidic products 
have not been obtained by the oxidation 
conditions which are expected to lead to 
products’"! The observation of 
spectrum of lucaconine has_ been 
made to determine whether R is methyl or 
methoxymethyl. The NMR spectrum at 40 Mc. 
of lucaconine in pyridine solution is shown in 
Fig. 1. In this figure, although the other 
Aconitum alkaloids in which R is methyl have 
a strong singlet absorption characteristic of 


these 
NMR 


1) H. Suginome, S. Kakimoto, J. Sonoda and S. Nogu- 
chi, Proc. Japan Acad., 22, 122 (1946); H. Suginome and S. 
Furusawa, This Bulletin, 32, 352 (1959); S. Furusawa, ibid., 
32, 399 (1959): T. Amiya and T. Shima, ibid., 31, 1083 (1958). 

2) T. Amiya and T. Shima, in preparation. 

3) L.N. Markwood, J. Am. Pharm. Assoc., 13, 696 (1924). 

4) R.Anet, D. W. Clayton and L. Marion, Can. J. Chem., 
35, 397 (1957); R. Anet and L. Marion, ibid., 36, 766 (1958); 
V. Skaric and L. Marion, J. Am. Chem. Soc., 80, 4434 (1958). 

5) M. Przybylska and L. Marion, Can. J. Chem., 34, 185 
(1956) 

6) O. E. Edwards, L. Marion and K. H. Palmer, Can. 
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Fig. 1. The proton spectrum of lucaconine 


(taken on Varian 40 Me. instrument 


C-CH 
signal of a-proton of pyridine, such absorp- 
tion can not be recognized for lucaconine. 
Accordingly, R is concluded to be CH-OCH 
in lucaconine. The anticipated singlet peak 


C-CH.-OCH 


group at about 318 c.p.s. from the 


due to the methylene group of 


is, however, obscure in Fig. 1, probably 
because of the overlapping with strong peaks 
of methoxyl groups, and of possible broadening 
due to the unequivalence of two methylene 
protons caused by the neighbouring asymmetric 
carbon atom!. A tentative interpretation based 
on the suggested structure I is also given in 
Fig. 1 

We next examined 


NMR spectrum of an 


aconite base lucidusculine'. Recently, one of 


us (T. A.) proposed formula III for the partial 
structure of lucidusculine on the basis of some 
chemical transformations’ 


R =CH.OH, one secondary OH group 
on the ring. Possible linkage between 
Ci7-Cyo or Ci7-Co. 

R=CHs, two secondary OH groups 
on the ring. Possible linkage between 
Cy;-Cig or Cy;-Co. 


8) A. Suzuki, T. Amiya, K. Takahashi and T 


moto, unpublished work. 
9) In the NMR spectrum of lycoctonine®’, the ab 


tion due to methylene group of -C-CH,OH is also 


scure. 
10) L. M. Jackman, “ 
Resonance Spectroscopy in Organic Chemistry” 
Press, London (1959), p. 102 
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Fig. 2. The proton spectrum of lucidusculine 


The NMR trace at 40 Mc. of lucidusculine 
in pyridine is shown in Fig. 2. Clearly, the 
singlet band at 318 c. p.s. is to be ascribed to 
the methyl! group on a quaternary carbon 
atom. This observation forces one to the 
conclusion that in lucidusculine R is actually 
the methyl group. The two hydroxyl groups 
in lucidusculine may both be secondary. since 
they are acetylated From above 
described results, a modified formula IV is now 
partial structure of lucidus- 


easily 


suggested as the 
culine. 


The authors express thier sincere thanks to 
Professor Genjiro Hazato and Dr. Kensuke 
Takahashi of Tohoku University for the 
measurement of NMR spectra. They are also 
grateful to Professor Harusada Suginome for 
his encouragement in this work. 
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1] The signal of the methine proton of methoxycyclo 
hexanes (H-C-OCH;) has been shown to appear at a 
position very close to the methoxyl group. R. U. Lemieux 
R. K. Kullning, H. J. Bernstein and W. G. Schneider, J 
Am. Chem. Soc., 80, 6098 (1958). 

12) R. Majima and S. Morio, Ber., 65, 599 (1932); H 
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Hokkaido Univ., Ser. 111, Chem., 4, 25 (1950); H. Suginome 
and S. Kakimoto, This Bulletin, 32, 352 (1959): T. Amiya, 
ibid., 32, 1133 (1959). 
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The Interaction of a Surfactant with a 


Monolayer Studied by Radiotracer Method 


By Ryosuke SHIMOZAWA and 


Ryohei MATUURA 
(Received February 6, 1961 


The adsorption of sodium alkyl sulfates at 
the solution-air interface was studied by 
radiotracer method and the result was already 
reported . In this case if an_ insoluble 
monolayer is present on the surface of the 
solution, the surface count of the radioactive 
detergent may be different from that of the 
free surface, and it is expected that we may 
be able to know the interaction of the detergent 
vith the monolayer substance from this differ- 

‘e in the surface count. We measured the 
interaction of sodium dodecyl sulfate (SDS) 
with the monolayer of octadecyl amine, octa- 
decyl! alcohol and nylon 6 spread on the surface 
of the solution by tracing sulfate sulfur tagged 
with °S. The apparatus was almost the same 


as that used for measuring the adsorption of 


the detergent at ihe free surface The radio- 
activity of the surface of the SDS solution in 
the lucite tray was measured first. Then the 
monolayer was spread on this solution and the 
surface area was kept constant with the surface 
pressure of about 10 dyn. cm. The radioactivity 
of the surface in this state was measured with 





Time, min. 


ig. |. Change in surface counting 


ite 
Le 


before and after film formation. Sub- 

strate is 8 -~10~° mol. ‘1. SDS solution 
Octadecyl amine-SDS series 

» Octadecy!l alcohol-SDS series 

@ Nylon 6-SDS series 


1 R. Matuura, H. Kimizuka, S. Miyam 


Shimozawa, This Bulletin, 31, 532 (1958 

2 R. Matuura, H. Kimizuka, S. Miyamoto, R. Sh 
zawa and K. Yatsunami, ibid., 32, 404 (1959 

3 R. Matuura, H. Kimizuka and K. Yatsunami, 
22, 645 (1959 


the same geometry as above. The spreading 
solvents used were a mixture of one volume 
ethanol and two volume benzene for octadecyl 
amine and octadecyl alcohol and a mixture of 
one volume phenol and three volume benzene 
for nylon 6. The result is shown in Fig. 1, 
in which the abscissa represents the time after 
spreading the monolayer on the surface and 
the ordinate is the surface count. 

From this figure it is evident that in the 
presence of octadecyl amine monolayer the 
surface count increases to more than twice the 
value of the free surface, while in the case 
of octadecyl alcohol and nylon 6 no change 
is observed after spreading the monolayer of 
these substances. These results may show that 
the monolayer of octadecyl amine interacts 
with the molecule of SDS in the substrate 
solution remarkably but that of octadecyl 
alcohol and nylon 6 affects no such interaction 
as the monolayer. Goddard and 
Schulman’? measured the surface pressure of 
an eicosy! amine monolayer at constant area 
on the surface of water and found that a 
remarkable increase in pressure took place by 
injecting sodium hexadecyl sulfate (SHS) into 
the substrate solution beneath the monolayer. 
They explained the result in terms of penetra- 
tio of SHS into the monolayer and formation 
of a | to 1 stoichiometric complex. The 
present experiment confirms directly the strong 
interaction of the long chain amine monolayer 
with sodium alkyl sulfate in the solution. 
However, we found that the surface pressure 
of the monolayer of octadecyl alcohol and 
nylon 6 increases appreciably by the presence 
of SDS in the solution just as is the case with 
the amine monolayer, but the surface count 
with the monolayer of the former substances 
does not differ from the value without the 
monolayer contrary to the case of the latter 
substance, as shown in Fig. 1. These results 
suggest that the mechanism of the interaction 
of the long chain amine monolayer with SDS 
is different from that of the monolayer of 
long chain alcohol or nylon 6 with it. The 
quantitative treatment of the data and the 
detailed discussion will be ‘reported in future. 


amine 
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Electron Spin Resonance Study on Photolysis of 


Acetone and Benzophenone 
By Keiji KUWATA and K6OzO Hirora 
Received December 24 


Recently several trapped radicals formed in 


have been identified with organic 
compounds of low 


ESR 


spectrometer of 


photolysis 
weight by the 


X-band 


decaine 


molecular 
method». By the use of a 
high sensitivity it 


possible to study the radical intermediates 


formed in photolysis of some ketones. Pre- 


liminary investigation on acetone and benzo- 
phenone will be reported here. 

studies on the 
formation of 
several types of free radicals was proposed 


kinetic 


gascous acetone, 


According to the 


photolysis of 
CH.COCH, | fy » CH.CO.CH 
(CH,CO —» CH, CO) 
CH, | CH.COCH, —» CH,» CH-COCH 
CH.COCH, ~» CH, } CH.CO 

» CH,COCH.CH, 


CH, | CH.COCH, 


In the liquid phase photolysis of the both 
ketones, formation of the active intermediates 
was proposed’, but their natures were not well 
known. Observation of ESR for these free 
radical intermediates will give a confirmative 
evidence for such mechanisms. 

The spectrometer used was a type of high 
frequency field modulation, being similar to 
that of Fujimoto and Ingram, but the frequency 
of the field modulation was 455 kilocycles, sec. 
Design of a low temperature resonant cavity 
is shown in Fig. 1. 

After an irradiation of ultraviolet light for 
several hours, any signal could not be observed 
in pure acetone, while a broad singlet was 
observed in pure benzophenone and in 0.1~ 
1% solutions of the both ketones. However, 
the intensity of the signal decreased rapidly 
in the case of acetone, a half life being 50min. 
at about 77°K. The characteristics of the 
signals observed are shown in Table I. 


1) Cf. A. M. Bass and H. P. Broida, “‘ Formation and 
Trapping of Free Radicals’, Academic Press, New York 
(1960), p. 239. 

2) Cf. J. A. Leermakers, J. Am. Chem. Soc., 16, 1899 
(1934) 

3) H. H. Glazebrock and T. G. Pearson, J. Chem. Soc., 
1937, 557. 

4) S. W. Benson and G. S. Fordes, J. 
65, 1399 (1943). 

5) E. J. Bowen and F. de la Prandiere, J. Chem. Sox 
1934, 1503. 


4m. Chem. Soc., 


licro wave 


ESR OF TRAPPED RADICALS AT 
ABOUT 77-K 


g-Factor 


. it} 
ine width 
Line wi Line shape 


H, 


Acetone in ethanol 30 gauss 
and EPA (Ether, 


iso-Pentane and 
Alcohol 


gaussian) 


2.003 


2.003 


Benzophenone 


24 gauss 


Benzophenone in 
ethanol and EPA 


An unstable free radical in the solution of 
acetone would be the methyl! radical, but con- 
firmative evidence for this assignment was not 
yet given since no hyperfine structure was 
observed. In the benzophenone a 
hyperfine structure neither of a quartet for the 
phenyl radical nor of a quartet with the small 
separations for the benzoyl! radical was observed. 
The result indicates that two types of free 
radicals were present together or broadning of 
the line width occurred by some reasons, so 
that the hyperfine structure was smeared out. 
Detailed research will be published elsewhere. 


case of 


The authors wish to express their thanks to 
Dr. M. Fujimoto and also to Dr. K. Morigaki 
of Osaka University for their suggestions on 
design of the low temperature cavity. 
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Reaction of Tetraphenyl Titanate with Amines 


3y Takeshi YOSHINO, Ichiro KiIMA 
and Miyoko OcuI 


Received on December 26, 1960) 


In the previous paper, the reaction of tetra- 
phenyl titanate with ammonia, phenols, aceto- 
phenone and esters have been reported’. In 
the course of the synthetical studies on the 
organo titanium compounds, it has been found 
that the addition compounds of tetraphenyl 
titanate were more stable than that of tetraalkyl 
In the present communication, the 
tetraphenyl titanate (TPhT) with 
iliphatic or aromatic amines are described. 

When TPhT was made to react with aliphatic 
imines (#-butylamine, tri-ethylamine, — tri-n- 
butylamine) in toluene’ solution, addition 
compounds of TPhT could not be isolated. 
However, when aromatic amines (aniline, a@a- 
naphthylamine, pyridine) were used, they gave 
iddition compounds with TPhT (molar ratio 
of | “eh 
IPhT with phenol I reacted with aromatic 
amines, the addition compound I was converted 
into the addition compounds of the corre- 
sponding amines used. They also were converted 
into the addition compound of TPhT with 
immonia. The reaction of TPhT with hexa- 
methylenediamine gave yellow crystals, which 


titanates. 
reaction of 


were considered as the addition compound of 


[PhT with hexamethylenediamine (molar ratio 
OF 22 Ep. 


Experimental 


1) Addition Compounds of TPhT with Aromatic 
Amines. Into a solution of TPhT (8.0 g.) in 
toluene (50 ml.), freshly distilled aniline (2.1 g.) 
was added and refluxed for 15 min. After the reac- 
tion mixture was allowed to stand at room tem- 
perature, the crystals separated out were collected 
by filtration and dried under reduced pressure, 8.0 
g. of yellowish orange crystals were obtained. They 
were recrystallized from toluene. M.p. 181~183-C. 
Found: Ti, 9.64; N, 2.80. Calcd. for C3oH2;O,NTi: 
Ti, 9.33; N, 2.73%). Ina similar way the following 
addition compounds were obtained: Ti(OCsH 
C,oH;NH., orange crystals, m. p. 168~169-C. 


Japan, Ind. Chem. 


1) T. Yoshino et al., J. Chem. Soc. 
Y. (Kogyo Kagaku Zasshi), 63, 1758 (1960). 


When the addition compound of 
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(Found: Ti, 8.49; N, 2.60. Caled. for CygH»,.O,NTi: 
Ti, 8.50; N, 2.492.) ; Ti(OC.gH;)4-CsH;N, reddish 
orange crystals, m. p. 191~192°C. (Found: Ti, 9.53; 
N, 2.83. Caled. for C2oH2;0,NTi: Ti, 9.59; N, 
2.8022). 
When aliphatic amines (7-butylamine, tri-ethyl- 
amine, tri-v-butylamine) were used, addition com- 
pound of TPhT could not be isolated. 

2) Reaction of the Addition Compound 
ri(OC.H;).-CsH;OH(1) and Aromatic Amines. 
To a solution of the addition compound I (4.0g.), 
in toluene (15 ml.), aniline 
the solution was refluxed for 15 min. After 
to stand at room temperature, it deposited yellowish 
orange crystals. They were purified as described 
under (1), m.p. 183°C. (Found: Ti, 9.08; N, 2.86. 
Calcd. for C2ooH2;O,NTi; Ti, 9.33; N. 2.73%). 
ri(OC.gH;)4 - CgH;OH +CgH;NH2 » TiC(OCgHs)4- 
Cy.H;NH, -Cy.H;,OH. In a similar way, by the use 
of a-naphthylamine or pyridine, the addition com- 


pound I was 


2.02.) was added and 


allowed 


converted into the corresponding 
addition compounds of TPhT with the above amines 
respectively: Ti(OC,gHs)4-C;oH;NHe2, m. p. 
168°C. (Found: Ti, 8.91; N, 2.63, Caled. for 
CssHopO,NTi: Ti, 8.50; N, 2.499.); Ti(OCsgHs),- 
C3H;sN, m.p. 191~192°C. (Found: Ti, 9.67; N, 
2.88. Calcd. for CosH2;O,NTi: Ti, 9.59; N, 2.8029). 
3) Reaction of the Addition Compound 
ri(OC;H;),-CesH;NH,2 (II) and Ammonia. — When 
ammonia gas was passed at room 
temperature to a solution of the addition compound 
I1-(2.5 g.), in toluene (10 ml.), the addition com- 
pound II was converted into the addition compound 
of TPhT with ammonia III, (molar ratio of 1:1). 
M.p. 201~202°C. (Found: Ti, 10.89; N, 3.17. 
Caled. for CoH230,NTi: Ti, 10.95; N. 3.202,). 


Ti(OCsHs)4-CeHsNH2+ NH; —> 
Ti(OCgH;)4- NH; -~CgHsNH» 


167~ 


excess of dry 


In a similar way, the addition compounds 
Ti(OCgHs)4-CyoHz;NHe and Ti(OCgH;)4-C;H;N were 
converted into III. 

4) Reaction of TPhT with Hexamethylenedi- 
amine.—-Into a solution of TPhT (8.7 g.) in toluene 
(60ml.), hexamethylenediamine (0.6g.) was added 
and refluxed for 30min. After the reaction mixture 
was allowed to stand at room temperature, the 
crystals were collected by filtration, washed with 
toluene and dried under reduced pressure, 4.7 g. of 
powdery yellow crystals were obtained. M. p. 237~ 
239°C. The analytical data showed this compound 
to be an addition compound of TPhT with hexa- 
methylenediamine (molar ratio of 2:1), (Found: 
Ti, 10.13; N, 3.45. Calcd. for Cs,HsgOsN.2Ti.: Ti, 
10.01; N, 2.9220). 
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